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IN G-E 
PACKAGE 
BOILERS 


UTILITY-BOILER 
ENGINEERING 


GIVES 
EXTRA 
DEPENDABILITY 


To a large extent, a utility company’s operating 
cost is based on the efficiency and dependability of 
its steam generating equipment. With a major part 
of its business being with these power companies, 
C-E has developed a “utility-boiler” engineering 
philosophy that applies to al/ C-E products, large or 
small. You can be sure that your C-E boiler repre- 


sents the latest thinking in thermodynamics and 
boiler design — and that materials and construction 
meet the most exacting standards. For extra depend- 
ability, specify “C-E.” 

Write to C-E for answers to your questions on 
C-E package and shop-assembled boilers. Catalogs 
are currently available on types VP,PCC and HCC. 





(at right) 4,000-90,000 Ib hr—The compact Type VP package boiler 
is available in a wide range of capacities from 4,000 to 90,000 Ib/hr 
Shipped ready to install on a simple foundation. Features include: 
Pressurized firing, water cooling on all four sides, push-button oper 


ation, minimum noise and vibration. 


C-E SHOP-ASSEMBLED BOILERS: TYPE VP — Package boiler for the majority of industrial 


steam needs; TYPE PCC 


Centrolied circulation. For high output, high temperatures; TYPE 


HCC High-temperature-weter boiler. For lorge-scale heating uses; TYPE WCC — Utilizes 


waste heat from industriol furnaces. Controlled circulation 
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Effecis of Heated Discharges on the Temperature of the Thames 
Estuary—!i . . . 32 
A. L. H. Gameson, H. Hall and W. S. Preddy 
In this first part of a two part report the British Water 
Pollution Research Laboratory discusses its temperature 
data on the Thames going back to 1949 and the way of 


interpreting the information it reveals 


Precipitators In New Operating Range . . . 42 
C. C. Shale, A. S. Moore 


The pulverized cool fired gas turbine under study at the 
Bureau of Mines required a dust collector operating at 
1350 psi and 80 psig. Here is the report of a successful 
laboratory pilot model 
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W. G. Hegener 


An effective pump protection system at low cost and yet 
flexible piping arrangement is described 
Consulting Engineer For Small Industrial Plants 
Ralph D. Abercrombie and T. Edward Walkama 
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industrial power plant is advanced ond a detailed breaok- 


down is shown for several examples 
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Wm. E. Snyder 


The decision on going to indoor boiler construction is 
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Coal operators on the C&O have done a revo 

nary job of modernizing, in both mines and 
preparation plants to economica roduce high 
quality coals. These investments prove coal is 
the fuel of the future 
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COAL IS) VITAL when a firm's survival 


depends on top efficiency and pared costs 


Faced by constantly rising costs, thousands of industrial and commercial plants are 
exploring every avenue of promising economy in their effort to keep competitive and 
show a profit 

Many, in their search, have rediscovered coal. For today, coal still is the biggest 
bargain in fuel more economical, more reliable and convenient than ever before. 
Highly mechanized mining and preparation methods provide abundant coal of the 
finest quality, clean and graded for every purpose. Chesapeake and Ohio’s huge 
modern coal-car fleet delivers it dependably, economically. And rich, untapped reserves 
of bituminous coal stand ready to serve for centuries. 

Revolutionary advances in combustion equipment further enhance coal’s superi- 
ority as a source of heat, power and process steam. New installations or modernization 
can provide automatic combustion control and complete instrumentation from bin to 
boiler and beyond 

Coal, for these reasons, remains the wise choice in fuel ... for industry... for small 
businesses and commercial establishments... for institutions. It is the low-cost, high 
efficiency fuel, and it’s here in abundance! 


P Ey RN oe, 
Chesapeake and Ohio Railway r 
TERMINAL TOWER, CLEVELAND 1, OHIO 


C 


A medern boiler room in paste! colors has C&O Fuel Service Engineers provide free The 5100-mile Chessie Route directly 
clean, almost clinical appearance. Automatic s consultation to C40 patrons on combustion serves over 300 mines in America’s richest 
handling of coal and ash eliminates dust Advanc application, equipment, or plant arrangement bituminous coal reservoir with the finest 
design combustion equipment gets top 8 s from problems. Write to R. C. Riedinger, General fleet of 68,000 coal cars. Specify C40 
your fuel dollar Coal Traffic Manager, above address routing for dependabie, efficient delivery. 


CHESSIE SERVES THE COAL BIN OF THE WORLD 
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RILEY RX BOILER UNIT— RILEY STOKER CORPORATION 
Continuous Unit Capacity . 250,000 Ibs. steam per hour 
Peak Capacity 275,000 Ibs. steam per hour 
Operating Pressure 415 psi (Future 850 psi) 


Steam Temperature . « 7 50F (Future 900 ) 


REPUBLIC ELECTRUNITE BONER TUBES meet the severe curvature 


af boiler design. Full normalizing, uniform wall thickness, and 


true concentricity assure easy workability and in service 
dependability. Bends are smooth and uniform. Rolling-in 
operations are easier. Results: greater savings in installation 


time and operating costs 








more power for the city of Painesville... with 


REPUBLIC ELECTRUNITE BOILER TUBES 


Push a button, flip a switch— power to operate schools, 
factories, and the convenience of modern living 
originates in the boiler units of power plants. And a 
great share of boilers are constructed of Republic 
ELECTRUNITE® Boiler Tubes. 

Painesville, Ohio, a growing community in the 
heart of industrial America, has just installed an 
additional Riley RX Boiler Unit in its municipal 
power plant. 

Designed, engineered, erected by Riley Stoker 
Corporation, Worcester, Massachusetts, the RX has a 
continuous unit capacity of 250,000 lbs. of steam per 





FARROWTEST REJECT TABLE 





Defective Area 
(Length, 
Depth Plane) 


Minor dimension 
of the defect 
(Length or Depth) 


Wall 
Thickness 
(B.W. Gage) 





0025 sq. inches 
003 sq. inches 
003 sq. inches 
004 sq. inches 
005 sq. inches 


18 .006”" 
16 12AS of wall 
14 and 13 12% of wall 
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! ! 
! I 
4. = ' 
t T 
20 ; 006” i 
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12 and heavier ' 12.%A% of wail j 





FARROWTEST detects and rejects not only tubing containing defects 
which completely penetrate the wall; but also tubing with defects 
equal to, or greater than, those shown in this table. For irregular 
defect shapes, a tube with defect crea equal to or greater than 
shown above is rejectable. Where required, sensitivity of FARROWTEST 
equipment can be calibrated to reject defects of lesser specified 
area than shown in table, af extra cost. 








FARROWTEST—QUALITY YOU CAN MEASURE. Not a icboratory theory, not a 
mere inspection tool, but on exclusive production test that detects and rejects 
tubing containing defects of critical size. FARROWTEST is offered os an 
alternative to other less positive tests in accordance with the table above, 


ct no extra cost 


REPUBLIC ELECTRUNITE STAINLESS STEEL HEAT EXCHANGER TUBING resists cor- 
rosion and provides long trouble-free service for main surface condensers 
in utility power plants where woter is used directly from natural sources. 
Call your Republic representative for additional information, or send coupon 


hour, peak capacity of 275,000 Ibs. of steam per hour 
and an operating pressure of 415 psi at a steam 
temperature of 750F. The RX Unit is fired by a Riley 
Traveling Grate Spreader Stoker. 

Republic ELECTRUNITE Boiler Tubes are accepted 
by boiler designers, engineers, and manufacturers. 
ELECTRUNITE is produced to meet ASTM specifica- 
tions, the ASME Boiler and Pressure Code, and boiler 
insurance requirements. 

For boiler, heat exchanger condenser, or evaporator 
tubes, get ELECTRUNITE facts first-hand. Call your 
Republic representative, or write direct. 


REPUBLIC STEEL 


Ueleli Wider: Zhuge 
of Sittudlard, Stials and. Stale Prodlaela 


REPUBLIC STEEL CORPORATION 
DEPT. CB-9758-A 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Please send more information on the following products: 


() Republic ELECTRUNITE Boiler Tubes (1 FARROWTEST® 
C) ELECTRUNITE Stainless Stee! Heat Exchanger Tubing 


Name hi : _— _ —, 
Firm 
Address 


City 
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OAK CREEK PLANT INSTALLS ITS 14th LJUNGSTROM: 


Three new Ljungstrom Air Preheat- 
ers are being added to the eleven 
already in service at Wisconsin Elec- 
tric Power Company’s Oak Creek 
plant. These three 290-ton units will 


serve the 1,780,000 Ib/hr boiler o1 
Oak Creek’s #6 unit. The three Ljung- 
-stroms, with a total heating surface 


of 795,300 sq ft, will reduce stack gas 
temperature from 550°F to about 
270°F and preheat incoming combus- 
tion air from 190°F to about 510°F. 

Our engineers will be glad to recom- 
mend how Air Preheater equipment 
can improve your operating results on 
new or existing fuel fired units. 


THE AIR PREHEATER 
CORPORATIO 


60 East 42nd Street, New York 17, N. Y. 











The valves most plants rely on- 


On general utility serv 


tribution lines... lo 


. air and gas... more 


iron body bronze tr 


valve in this class. 


Crane iron gates are 


service-proved feature: 


> 


water mains and dis- 


steam and hot water 


s relyon Crane No. 4651/2 


ates than on any other 


ip-to-date design with 


A two-piece, ball-type pack- 


ing gland for bind-proof packing adjustment.. . 


COMBUSTION 


December 


a 


Grour 


Product 


1960 


No. 465 
125-pound iron body 
gate, bronze trimmed 


Sizes 2?” to 48 


shoulder-type seat rings that won't loosen... extra- 
long disc guides to minimize drag on seating faces 
All features are carefully planned to yield long, 


dependable operating life. 
To enable you to standardize on these economical, 
efficient valves, Crane builds them in a full range of 


sizes. Popular sizes are available from local stocks 


of your Crane Distributor. 


RE... y 
Pa 


NE ) 


1100 S. Kedzie Ave Chicago 32, Illinois 








The unit pictured here represents the most advanced 
power plant cycle yet attempted. This boiler, a C-E 
Sulzer Monotube Steam Generator, is designed to 
deliver 1200 F steam at a pressure of 5000 psi to a 
325-megawatt turbine-generator. The unit employs 
a double reheat cycle (1050 F — 1050 F) and has a 
primary steam flow of 2,000,000 Ib per hr. It went 
on the line in February, 1960. 

































































This boiler, a C-E Controlled Circulation unit, serves 
the world’s first 500-megawatt turbine-generator. 
Designed for a primary steam flow of 3,850,000 Ib 
per hr, it delivers 1050 F steam (1000 F reheat) at 
2450 psi. It was placed in service in 1960. 


PROFILES — 


In 1950, a decade ago, Combustion installed some 40 
utility boilers, representative of the complete range of 
power practice at that time. The average turbine capac- 
ity was 50 megawatts . . . the largest, 120 mw. All 
boilers were of natural circulation design, only two 
used reheat, only two had design pressures as high as 
1800 psi. By contrasting these statistics with those of 
the boilers shown above, the length of the strides taken 
in the last ten years can be more fully appreciated. 

A broader picture of current practice is revealed 


by the following data relative to 1960 C-E utility 
installations, which will serve nearly 4,000 mw of new 
capacity. Six of these boilers will power turbines of 
225 mw and above, the largest serving a 500-mw tur- 
bine. All but two are designed for pressures in excess 
of 1800 psi... all employ reheat .. . about 60 per cent 
are of Controlled Circulation design. More than 70 per 
cent of the units serve turbines with capacities from 
150 mw up. In fact, the average unit size is more than 
three times that of ten years ago, and the largest has 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; 
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Shown here are three C-E boilers, each 
of which represents an advanced design 
concept. Their major points of difference 
concern capacities, cycles, configura- 
tions — considerations of major import 
in the industry's continuing effort to 
keep power costs down. As indicated by 
the picture captions, one unit (far left) 
is the world’s highest pressure boiler 
and represents the most advanced and 
efficient cycle yet attempted in power 
plant practice. Another (left) is the 
world’s largest boiler, serving the first 
500-megawatt turbine-generator to go 
into service. Both of these units went 
“on the line’ in 1960. Although different 
in design, both follow the same general 
pattern which has long been character- - oil | 


istic of large C-E utility boilers. The third | Hf ~ | | ; | 


boiler (right) represents a marked depar- th i, | i / ! 
ture from this classic arrangement. a ee eran 


flexibility of its C-E Con- 

nee. Somapoa oe pi This new leet, sade pees Gy Sp Sa 

ent in C-E Controlied Circulation design, holds much 
face can be placed in almost any desired promise of bringing new first-cost economies to 
position. Thus, it becomes possible to power plant practice. This reheat boiler is designed 
effect sizable savings in structural steel, to deliver 1050 F steam (1000 F reheat) at 2400 
stairs, platforms, piping, earthquake- psi to a 300-megawatt turbine-generator. It has a 
proofing, as well as in the boiler itself. primary steam flow of 2,305,000 Ib per hr. 






















































































of Power Progress 


over four times the capacity of the biggest unit of 1950 


During the last decade, the vocabulary of the 
power plant has been enlarged with the addition of 
such words and phrases as “skin casing,” “divided fur- 


naces,” “twin furnaces,” “panel wall,” “welded wall,” COMBUS T ION 


“subcritical,” “supercritical,” “platens,” “pressurization.” 


They account, in large measure, for the fact that, while ENGINE ERING 


generating costs have risen considerably over the last 
ten years, the average net production cost per kw-hr is General offices: Windsor, Connecticut 
substantially less today than it was in 1950. New York offices: 200 Madison Avenue, New York 16 


PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOIL PIPE 
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Diamond developed for more economical power 


MONITORMATIC... NEW SELF-CONTROL 
FOR MORE EFFICIENT BOILER CLEANING 











Optimum frequency of blower cycling is assured with Moni- 


tormatic Diamond's completely automatic boiler 
cleaning system 

Monitormatic is an automatic method of maintaining 
constant furnace cleanliness and heat absorption. It 
responds automatically to changing boiler conditions and 
eliminates indiscriminate, unnecessary or insufficient 
blowing. Savings are realized through optimum use of 
blowing medium, minimized soot blower maintenance, 
less compressor maintenance if air is used as blowing 


medium, and reduced operator time. It also automatic- 
ally adjusts the cleaning system to fuel changes. 
Monitormatic is readily and economically applicable to 
new or many existing Diamond Selectromatic Systems; 
is another example of why “‘Diamond Developed”’ means 
more economical power generation 

At your request, our Engineers will be pleased to evaluate 
the application of Monitormatic to your specific system. 
Call, write or wire for complete information 


DIAMOND POWER SPECIALTY CORPORATION, Lancaster, Ohio 


DIAMOND SPECIALTY LIMITED, Windsor, Ontario 









DE LAVAL provides 


power and process steam 
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economical 
for Corn Products Company 


Sargent & Lundy, Consulting Engineers, 
handle project for new 9375 KW unit. 


De Laval design engineers are specialists in meeting unusual require- 
ments. For example, this unit at the Corn Products plant in Pekin, 
Illinois, is presently operating with 400 psig ISP at 580F, with 6 
stages to develop 5000 KW at a back pressure of 165 psig. Flexible 
De Laval design will enable this turbine to operate under new steam 
conditions with 11 stages for which space has been provided in the 
casing. When operating at its future steam conditions of 850 psig ISP, 
700 F, the turbine will develop 9375 KW and will provide 275,000 


pounds of steam per hour to the process at a pressure of 165 psig. 


De Laval application engineers will gladly give you more 
information on steam turbines to suit your specific needs. 


iy DMO STEAM TURBINE COMPANY 


886 NOTTINGHAM WAY, TRENTON 2, NEW JERSEY 
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The Story of Edward Research 








and the Pressure-oeal Valve 


The introduction, in 1945, of commercial steel valves with pressure-seal bonnet joint 


construction was a significant advance in the art of building large high-pressure steel valves. 


The new pressure-seal construction eliminated massive flanged bonnet joint connections and 
made it possible to seal the valves permanently at high temperature. These advantages were 
immediately apparent to users everywhere. But bonnet joint leakage problems developed on 
the new valves in service. And Edward engineers soon became convinced that the original 
45° pressure-seal gasket design used by Edward and others required improvement. Here’s 


the Edward pressure-seal redesign story: 


INITIAL TESTING — Edward eng 


began their studies on leak problems 


neers 
n4 gasketed pressure-s¢ iives 


ons the valves were most likely to 


I 
by determining under what condi 
‘ 

leak It was discovered that when 
Se iling areas were thoroughly de 
pre ised ind tested wit the 
pressure seal would leak at all pres 
sures above 10 psi In addition 
minute impertections in the ealng 
area of the valve bod wore were 
preventing intimate g et contact 
ind contributing to leakage dward 
engineers found that a broads irea 
of contact between ga i bon 
net ind between gusket nd body 
bore would also reduce leakage. Fur 
ther investigation showed 
gasket plating material softe 
the silver plating pre 
would be helpful in act 


contact in the sealing area 

lo obtain more gasket sealing 
nducted 
on gaskets with angles from 45 


area experiments were 

down to 17 . Over a period of several 
months, tests were made with 25 
different combinati« 
bonnet 


yns of gasket and 
ingies and iriou gasket 
plating materials. Assembled valves 
were tested for tightness with air 
ranging from 101 to 2160 
000 } 


pressures 
psi, and at temperature 
for extended period is on 


ease of ilve disassem! n im- 


P. J. DUKES 


consideration) were 


isket combination. 


portant user 
made with each g 


TEST CONCLUSIONS —At the end of 
their extensive testing program on 
the pressure-seal design, Edward 
engineers were able to draw these 


com lusions 


|. 45° gaskets, which showed no leak 
on water tests, leaked air at 
similar pressures 
No gasket of any design, either 
plain or with a plating of 100 
Brinell or harder, would seal air 
when assembled unlubricated 
The best sealing under test re- 
sulted with a 5 gasket angle 
which was 1” more acute than the 
bonnet angle 
Gaskets of 25° angle actually 
tripled the sealing surface area 
A stainless inlay in the valve 
body bore sealing area substan 
tially improved gasket-to-body 
contact and provided a corrosion 
resistant surface 
Gaskets of 25° angle, plated prop 
erly with a malleable coating, 
gave perfect air or steam sealing 
at all temperatures, whether as 
sembled dry or with a lubricant. 


NEW VALVE DESIGN — As the result of 
their tests, Edward engineers de- 
signed the completely new pressure- 


NEW 25° GASKET DESIGN 


SPECIAL GAS-FIRED FURNACES were used in 
temperature testing of new pressure-seal valve 


design. Furnoces heated valves up to 900 F for 


24 hour 


hydro-pneumatic pumps. 


periods. Pressure was mointained with 


seal valve with 25°-65° joint (see 
diagram below). This change in gas 
ket angle, with an increase in sealing 
surface area, and the addition of a 
spec ial corrosion-resistant malleable 
coating, brought an end to bonnet 
joint leakage in Edward pressure- 
seal valves. And, since 1953, thou- 
sands of Edward pressure-seal valves 
have been installed in a great variety 
of services without a single case of 
failure repo ted to date. 

The story of Edward research and 
the pressure-seal valve is typical of 
the kind of research progress and 
product leadership you can expect 
from Edward Valves. Edward builds 
a complete line of forged and cast 
steel valves from ‘«” to 18" for in 
dustrial, marine, petroleum and tech 
nological services. For more detailed 
information, contact your Edward 
Representative, or write Edward 
Valves, Inc., 1206 West 145th Street, 
East Chicago, Indiana. Subsidiary 
of Rockwell Manufacturing Com 
pany. Represented in Canada by 
Lytle Engineering Specialties, Ltd., 
438 St. Peter Street, Montreal 


*Patented 


EDWARD STEEL VALVES 


ROCKWELL® 
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Autoclave and volute assem- 
bly fabricated of stainless 
steel Type 304 by Pittsburgh 
Piping. 


Stainless steel autoclave and volute 
shop fabricated by Pittsburgh Piping 


At Pittsburgh Piping highly specialized methods, 
machines, and apparatus have been developed and 


America’s first atomic-powered submarine and 
central station. The autoclave and volute assembly 


are employed in fabricating and testing alloy pip- 
ing and related components of nucleonic installa- 
tions . . . a natural out-growth of our experience 
in fabricating high-temperature, high-pressure 
piping for central stations. We pioneered the 
application of austenitic steel piping materials for 
central power stations, and fabricated piping for 


is typical of our current activities in nucleonics. 
If your work requires test loops, pressure vessels, 
high-pressure piping fabrication, or similar com- 
ponents for nucleonic installations — investigate 
Pittsburgh Piping. Our representative will call 
at your request, or we will be glad to have you 
visit our plant. 


PIONEER FABRICATOR OF HIGH PRESSURE PIPING FOR NUCLEONICS 


158 49th STREET - PITTSBURGH 1, PA. 











PP.4) 


Atlanta... ..Whitehead Building Cleveland... Public Square Building New York. . Woolworth Building 
Chicago. . Peoples Gas Building New Orleans 
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We need help! 


COMBUSTION wants to know what you read. 


Would you give us a few minutes of your time 

and mark the card below? The information you give us 

will enable the editors and authors of COMBUSTION to supply 
you with the articles you want and to give you 

the kind of editorial material you find useful 


in your business. 


To help us in the classification and analysis of this information 
we ask you to indicate the industry with which you are 
associated and your title or position. 

No stamp or signature required —- just mail back to us. 

Thank you for your cooperation. 


How much of article Of what interest was 
did you read? the subject to you? 





| Mod- 
Title of article Some ' Half | All | Major| erate 





How to Get Maximum Protection 
for Your Feedwater Purnps 





Eddystone, Philadeiphia Electric Boilers 
please Stay Indoors 
Consulting Engineering for 


detach Small industrial Piants 


. Effects of Heated Discharges on the 
a nd mail Temperature of the Thames Estuary 


ASME Annual Meeting in Review — 


this card Part | 


Precipitators in New Operating Range 





























industry. . sowane Title or PositiOn.........-.0c6ceeeee ; 





Please 
fill out the 
reverse side of 


this card and... 


... help us make COMBUSTION a better magazine. 





FIRST CLASS 
PERMIT No. 314 
NEW YORK,,N.Y. 
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NO POSTAGE STAMP NECESSARY IF MAILED IN U.S. 








Combustion 


200 Madison Avenue 


New York 16, New York 





STORIES HIGH 


YUBA CONDENSERS— 
with the most flexible 
tube bank layout in the 
industry —designed to fit 
any plant or space 
requirements 


> 200,000 sq. ft. condenser for Widow's Creek Station of TVA 


or BROAD and LOW 


This is a three story high, twin-bank condenser — just one of many tube 
bank layouts possible with Yuba Condensers— most flexible in the indus- 
try. Whether you require a giant condenser or a small one, in a single 
or multiple pass or axial flow design—no matter what the size, type or 
service conditions, Yuba’'s flexible design paces the progress in the 
power industry 
Yuba’s twin-bank tube layout, for example, permits turbine exhaust 
steam to flow unobstructed, with equal distribution throughout the entire 
tube bank with a free flow to bottom of condenser and into hotwell, where 
it reheats and deaerates condensate. In Yuba’s deaerating condensers, 
the oxygen in the condensate is guaranteed to be less than 0.005 cc per 
liter. This design is patented 
For that extra performance, Yuba staggers the tube support plates 
reducing harmonics — eliminating vibration. This is just another reason 
Yuba surface condensers have been installed all over the world in plants 
of many sizes. For full details, contact Yuba today. 
Other Yuba products for steam power plants include 
Feedwater Heaters, Evaporators, Expansion Joints, 
Cranes,Tanks, Structural Steel and scores of other items 


specialists in power plant equipment 


YUBA HEAT TRANSFER DIVISION 


4th and Main Streets, Honesdale, Pennsylvania 


YUBA CONSOLIDATED INDUSTRIES, INC. 


Sales Offices in Atlanta * Buffalo * Chicago * Cleveland * Houston « Los Angeles * New York © Philadelphia ¢ Pittsburgh * San Francisco « Seattle 
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: Picmiiariinitigh shows perfect 
__ bead form of AMBERLITE 200, 


AMBERLITE 200 


Introducing new durability for lon Exchange Resins 


AMBERLITE 200 represents an entirely new concept in 
polymer chemistry. A high capacity, strongly acidic 
cation exchange resin, AMBERLITE 200 has physical 
and chemical stability unmatched by any available 


cation exchange resin. 


These are some of the outstanding features of 
AMBERLITE 200 . . . high resistance to oxidation, 
especially in water containing chlorine, oxygen and 
metals such as iron, copper and manganese; perfect 
bead form, free of cracks and crazes; high attrition 
resistance; stability over the entire pH range; insolu- 


bility in all common solvents 


In water treatment in either hydrogen or sodium 
cycle operation, the exceptional bead characteristics 
of AMBERLITE 200 make possible more rapid and 
complete bed classification, low losses from mechani- 
cal attrition, and greater freedom from bead fracture 


20 


caused by thermal and osmotic shock. For example, 
2000 regeneration-exhaustion cycles using saturated 
brine and calcium chloride showed no measurable 
resin breakdown, whereas conventional cation ex- 
change resins showed failure of from 20 to 75 percent. 
Write for full information and samples on this 
radically new AMBERLITE resin 

AMBERLITE is a trademark, Reg. U.S. Pat. Off. and in principal 


foreign countries. 


Cher 


Ia ROHM ¢ HAAS 
COMPANY 


WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
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World's first fully cutomated boiler feed pump, ship- 
ped by Worthington, on site of the Little Gypsy 
Steom Electric Station, Unit # f the Lovisiano Power 
and Light Compony. This plont, ir ding cuvtomofic 
control system, was designed by Ebosco Services 


WORTHINGTON DELIVERS THE WORLD'S FIRST 
FULLY AUTOMATED BOILER FEED PUMP 


Should yours be next? 


Frankly, we don’t know. We do know, the degree of automation for which you 
however, that we've shipped the first design, we are sure that we can help 
high-pressure boiler feed pump for a you in studying the needs for instru- 
fully automated installation. Thus the mentation and control of the Fluid 
“full automation” question looms big Handling Group 

ger with each new plant Remember, we've many years in design 
What do we mean by “full automa ing and building condensers and auxil 
tion,”’ when important component iaries, generators, boiler feed pumps, 
compressors, turbines and control 


have been automatically controlled for 
equipment. We call it “System-Wise 


many years? We mean the use of im 
Experience and have prepared an 


Automation File on Boiler Feed Pumps 
from it. For this file, drop a note to 
your Worthington District Office. Or 
write Worthington Corporation, 
Harrison, N. J. 


proved equipment and instrument 
design and control techniques—plus 
modern data processing systems—in 
such a way that the power plant will 
operate continuously at optimum effi 
ciency under varying loads, starting 
and stopping units as required with 
maximum equipment protection 


Now, is it your turn to install fully 
automated boiler feed pumps? Or other 
power plant components? That is, of 


course, a matter for you and your WORTHINGTON 


‘ 


engineers to decide. But regardless o PRODUCTS THAT WORK FOR YOUR PROFIT 





Hagan PowrMag Analog Computer Control 


simple as 


D 





| 


HE 


ul 


—_ i 
E 


2. 


PowrMag systems embody the highest degree of flexibility. Simple, 
efficient electrical design utilizing long-lived and trouble-free solid 
state components, and rugged mechanical construction suit the 
system for a variety of industrial process control applications. 


1. Magnetic Control Unit 


This magnetic amplifier, operating on 1-9v DC, may be used 
individually, as a single 2 or 3 mode controller, or as one element 
in a large system. Each control unit may be removed from the 
front of the panel for easy interchangeability. The basic unit is 
easily converted to other modes by the addition of interchangeable, 
plug-in circuits for all common control operations. Inventory is 
reduced to the one basic unit. Unaffected by shock or vibration, 
PowrMag has no moisture, dirt, leakage or freezeup problems 
3.5 watts of unregulated 110v, 60 cycle AC. Size—5!," x 5!4” 


- Remote Control Station 


These stations provide for remotely established set points and 
required manual control operations. Full station may contain two 
single or ganged potentiometers, one switch and two meters. Size 
2',” x 5',”. Half stations available with set point, bias or ratio 
dial and output signal indicator. Size—2!," x 3!,". Each station 
uses 12-wire, color-coded electric cable with MS-type connector 
Front mounting and removal make it ideal for the compact con- 
sole installations required for centralized control. 


3. Patchboard 


Interconnecting the system in any desired manner, via color-coded 
electrical cable, the patchboard requires no solder connections or 
terminal boards—all connections are made by special taper pins. 
Each connection is identified by an alphanumeric combination 
Numbers. run vertically, identify the components in the system, 
such as magnetic amplifiers, controllers, transducers, etc. Letters, 
run horizontally, identify the connectors leading into the patch 
board. DC control power bus is in the center section—-no AC 
voltages are used in the patchboard. 

Easy front access permits simple changing of operations. Addi- 
tional loops or components are readily added to the system 

A letter or phone call will bring you complete information on 


the PowrMag system. Ask for Bulletin MSP-163. 


HAGAN 


CHEMICALS & CONTROLS, INC. 


HAGAN CENTER, PITTSBURGH 30, PENNSYLVANIA 


HAGAN DIVISIONS: CALGON CO HALL LABORATORIES — BRUNER CORP. 
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The Bayer Balanced V alved Soot Blower 
is a single-chain operated design that as- 
sures precise sequential operation of the 
valve and element. Only after the start 
of full steam flow rotation 
commence —a feature which provides posi- 
tive and efficient cleaning over the entire 


does element 


arc. . .without wasting steam. 

The Bayer Soot Blower is simply op- 
erated by a pull on the chain which opens 
the cam-actuated valve. Continued pull- 
ing of the chain slowly rotates the element 
through the 
which the valve automatically closes. 


its cleaning arc, at 


end of 


Quick Opening 
Bayer Soot Blower 
Valves Assure 


¢ 100% cleaning efficiency 
¢ minimum steam consumption 


e superior high temperature 
resistance 


For severe high temperature locations, 
“super service” elements of Bayer-devel- 
oped “Chronilloy” are available. Of su- 
perior strength, wrap-resistance, and sta- 
bility, these elements resist the oxidation 
and chemical action caused by very high 
temperature gases. 

In over fifty years of continuous special- 
ized service, the Bayer company has 
equipped more than 35,000 boilers with 
Engineered for 


dependable soot blowers. 
Saver 


long life and low maintenance, ’ 
products assure economical and trouble- 
free operation. 





®@ single chain 
® individual elements 


operation 

idjustable for high pressure 
service by ortlice plate valve 

® full steam pressure over entire 

@ selected we 
rotation 


leaning are 


wv ratios for optimum rate of element 





ADVANTAGES OF THE BAYER BALANCED VALVED SOOT BLOWER 


® minimum pressure drop through valve body 

®@ machined air seal with spring loaded seat 

® complete vacuum breaker protection 

® precision swivel tube alignment lessens stuffing 
box packing needs 

® load carried on ring type thrust bearings 








For further information contact the Bayer representative nearest you. 
He is an experienced engineer, qualified to service Bayer Soot Blowers. 


Agencies 
= Angeles 


Cancimmnati 


Washington D.¢ 
Atlanta 
Tulsa 


Salt Lake City 
Houston 
Kansas City 


( har lotte 
Richmond 
Denver 


Cleveland ‘ la 
Detroit 
Pittsburgh 


New York 
Philadelphia 


Chicago Indianapolis 


4030 Chouteau Avenue, St. Louis 10, Missouri 
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Season's Greetings 


The Valley Camp Coal Company 
provides a complete combustion 
engineering service for its 
customers, actual and prospective. 


Meeting with a Valley Camp Representative 
has been the first step to lowered steam costs 
for many companies.....How about yours? 


THE VALLEY CAMP COAL COMPANY 


Western Reserve Building © Cleveland 13, Ohio 


SUBSIDIARIES — 

Great Lokes Coal & Dock Co., Milwaukee, Wis. © Great Lakes Coal & Dock Co., St. Paul, Minn. © Fort William 
Coal Dock Co., Ltd., Fort William, Ont. © The Valley Camp Coal Co. of Caneda itd., Toronto, Ont. © Kelley's Creek 
& Northwestern Railroad Co. © Kelley's Creek Barge Line Inc. © Pennsylvania & West Virginia Supply Corp. 


SALES OFFICES — 


Philadelphia ©« Baltimore ©¢ Buffclo © Pittsburgh «© Wheeling © Cleveland ¢ $F. Paul 
e Cincinneti « New York ©¢ Milwavkee ©¢ Superior, Wis. © Fort William, Ont. © Toronto, Ont 
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STEAM FLOW 


INDICATING INDICATING DRUM 


LEVEL TRANSMITTER 
STEAM FLOW 
TRANSVERTER —_ 





—o Copes-Vulcan recirculation contro! prot 
pumps. Whe pumg { 
leve 


a diapt 


assure suff 


Fj 
i) 
“y 


CONTROL 
STATION A/M 
SET POINT TYPE 


CONTROL STA- 
TION A/M TYPE 





FEEDWATER REGULATION 


CONTROL 
VALVE 
WATER FLOW 
r — =e 
FEED PUMP 

BY-PASS 
VALVE 

: INDICATING 

WATER FLOW 


CONTROL vate TRANSVERTER 























oan 


Three influence feedwater regulation is st par a complete Copes-Vulcan boiler Versatile contro! vaives feat 
system instalied at a pace tt tility station. Feed to b er is modulated ton-type CV-P eft 
by steam flow, feedwater flow, and drun ate vel phragm type [ 
service. A 
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COPES-VULCAN control valves 
make boiler feedwater systems 





accurate and trouble-free... 


The big load changes of today’s boilers put tremendous demands on the accuracy and 
dependability of feedwater and recirculation systems. Copes-Vulcan systems meet these 
demands with positive control, positive performance. m As long-time specialists in feed- 
water control, Copes-Vulcan has the experience and design know-how to custom-engi- 
neer control valves to rigid specifications. Regardless of high pressure drops, you get 
close control over full load range, without costly maintenance or replacement. a To the 
dynamic balance of the valves, Copes-Vulcan adds advanced instrumentation. The 
highly-responsive control system stabilizes water level regardless of changes in load or 
feed pressure. # Bulletin 1038 describes efficient boiler control at a key eastern power 


station. Write for your copy. 
Copes-Vu/can Division 


Copes- Vulcan Division, Erie 4, 
ach BLA W/- KNOX 


Pennsylvania. 


COMBUSTION / December 1960 





Soot blowing with air is 
faster, cleaner, less costly 


...a@ report on soot-blowing applications by 
L.B. Schueler, Power Plant Consulting Engineer, 
The Cooper-Bessemer Corporation 


The big reason why power companies and their consultants are switching from 
steam to air for soot blowing is to reduce costs. Compressed air does the job more 
thoroughly, uniformly, with less mess and at less cost. Its high efficiency increases 
the capacity, availability and economy of the entire furnace and boiler! Total 
maintenance cost is very much lower. 

The whole story is given in the reprint of an article, “Steam or Air: Which 
costs more for boiler cleaning?” Write for your free copy. We will gladly work 
with you on your plans for compressor facilities for soot blowing . . . or other 


power plant needs. Call the nearest office. 


BRANCH OFFICES: Grove City * New York + Washington « Gloucester « Pittsburgh « Detroit 
Chicago * Minneapolis * St. Louis - Kansas City * Tulsa - New Orleans « Shreveport - Houston 
Greggton «+ Dallas « Ode a * Pampa + Casper - Seattle - San Francisco « Los Angeles 
SUBSIDIARIES: Cooper-Bessemer of Canada, Ltd Edmonton + Calgary + Toronto 
Halifax + Stratford 

C-B Southern, Inc Houston 

Cooper-Bessemer International Corporation... New York « Caracas - Anaco 
Cooper-Bessemer, S.A Chur. Switzerland « The Hague, Netherlands - Mexico City 

The Rotor Tool Company, Cleveland 


GQopor¥ Bessemer. 


GENERAL OFFICES: MOUNT VERNON, OHIO 


ENGINES: GAS - DIESEL - GAS. O1ESEL 
COMPRESSORS: BECIPROCATING AND CENTRIFUGAL 
ENGINE TURBINE OF MOTOR DRIVEN 


Multi-stage centrifugal compressor. Available 


from 7000 cfm and up 


s Mult lage reciprocating compressor 4A vailable 
up to 30,000 cfm free air 





buell 


Norblo 


Always your 
best move 
for 
satisfactory 
dust 


collection! 


You put more than 75 years of 
combined experience at your disposal 
when you call in a Buell-Norblo 

Sales engineer. He's qualified and 
ready to help you design and lay out a 
complete dust collection system with 
the right equipment for each 
application. For literature write Buell 
Engineering Company 

123 William St., New York 38, N. Y 
Northern Blower Division 

6409 Barberton Ave., Cleveland, Ohio 


ELECTRIC PRECIPITATORS « CYCLONES - BAG COLLECTORS - FANS - COMBINATION SYSTEMS - CLASSIFIERS 


ENGINEERED FOR CONTINUOUS SERVICE 


MECHANICAL COLLECTORS Nav BAG COLLECTORS Aut at y CLASSIFIERS 


mance t rdinary 
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COimossiton 
— 


GUEST EDITORIAL 





Progress Through 


International Cooperation 


[ean international research program on the proper 


ties of steam directed toward pressures to 1000 atmos 
phe res and ten peratures to 800 C or 1500 F is now in 
operation he earlier research program which cul 
minated in the Third International Steam Table Con 
ference in the United States in 1934 barely reached 300 
atmospheres and 550 C or 1000 F rhe new program, 
like the old one, will permit the tabulation of data to 
somewhat higher pressures and temperatures than the 
upper limits of the measurements with some degree of 
confidence 


{ 


About 1954 an awareness of a program of experimen 
tal research in the U.S.S.R. stimulated a renewal of 
interest resulting in the formation of the ASME Re 
search Committee on the Properties of Steam. Sumi 
larly, research programs sprang up in Britain and Ger : A a 
many More recently word has come from Japan of an oe 
extensive program beginning there. Analytical studies 
of data, requiring less capital expenditure than experi 
mental studies, are in progress in all these countries Prof. Joseph H. Keenan 
and in Switzerland, Sweden and Czechoslovakia among Head, Mech. Engineering Dept 
others 

A new progral f international cooperation 1s now 


in operation which resembles the program of 1929 to 1934. It differs in the important respect that the 
U.S.S.R. is playing a major part in it whereas no delegation from Russia appeared at any of the earlier 


MASSACHUSETTS INST. OF TECHNOLOGY 


conferences. A second difference is the introduction into the discussion of the transport properties, 
viscosity and thermal conductivity, along with the thermodynamic properties 

What have we t w for all this activity at the present moment? The answer is a somewhat lim 
ited amount of actual data, but a promise of an extensive array of interlocking data of various kinds 
The existing new thermodynamic data consist of some measurements of pressure, volume and tempera 
ture to high pressures and temperatures by Kennedy in the United States and by Kirrillin and his co 
workers in Moscow Both of these are of great value but neither indicates any change greater than a 
fraction of one per cent from the numbers in the Keenan & Keyes tables. Extensive measurements of 
specific heat have been made in Russia. Sage at California Institute of Technology has developed a 
precision method for throttling experiments 

New steam tables have appeared in Russia and Germany, but these must be considered to be some 
what tentative Che advent of the computer has caused industry to exhibit a lively interest in alge 
braic statements of properties as distinguished from tabular data 

The existing new data on viscosity and thermal conductivity come from Keyes at M.I.T., Kestin at 
jrown University, and from Timroth and Vargaftik in Moscow Knowledge of viscosity at pressures 
of a few thousands of pounds per square inch had been in a chaotic state with some sources differing 
by a factor of three orfour. Thanks to the recent measurements, we are now concerned with differences 
of as many per cent 

This spontaneous international response to a peaceful Russian challenge has put us on the road toward 
a precise knowledge of one of the most important materials used by man. It is important not only be 
cause it 1s ubiquitous, but also because it is both typical and distinctive among vapors. It shows many 
typical relations between liquid, vapor and solid phases; but it also shows most interesting distinctive 
features as, for example, expansion upon freezing and a line of maximum density in the liquid phase 
Exact data on water can be an infinite source of scientific information in our search for knowledge of 


materials of every iniety 
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President Eisenhower's National Conference on Water Pollution, the 
new Senate Select Committee on National Water Resources and a 
number of state legislatures are aware that the nation is facing ... 


A MEW PROBLEM —thermal pollution of this 


country's rivers. 


the aquati 
1 power plant t 


hould receive 1 
M. D. Engle 


Pennsylvania Power and Light Co. 


Some states have placed a limitation ! i 

which can be discharged into tts rivers and streams and other states are considering 
the enactment of similar legislation lowever, such temperature restrictions ar 
largely empirical in nature as there is not suflicient scientific information available 


nt time to definitely indicate what temperature restrictions should be 


L. W. Cadwallader 


Potomac Electric Power Co. 


Chis is of such great importance to the power industry, as well as to many of 
the large industries requiring great quantities of cooling water, that I think it 
should have the widest publicity I am personally concerned that as a result of 
some of the activities by regulatory bodies, both at the state and federal level, in 
equities may occur unless the needs for all groups of riparian users are taken into 
iccount 


Sheppard T. Powell 
Sheppard T. Powell and Associates 


THE SOLUTION —will require time and effort. 


This article presents results of one thorough approach to the problem. 
We hope that contemplated legislation will be based upon the results 
of equally serious studies and will avoid capricious or arbitrary limitations 
which might be unnecessarily punitive. 





Effects of Heated Discharges on the Temperature 
of the Thames Estuary—I 


In the December 1954 COMBUSTION editorial the 
thermal! waste problem the 
British Electr 


particularly because £ ite £ 


confronting then 


icity thority was commented upon 
reboding overtones The 
problem, 
U.S.A 


siudy we have 


we feared, has now caught up with 


industries Ac rdingly we print here the best 


seen to date 


on one phase of the 


problem—estimating the hanges in temperature 


alteratior 


The 


which follow any n position or amount of heat 


discharged Brilish, we mention in passing, 


have been moving very tiously in their studies of 
this problem and have not, to our knowledge set any 
temperature 


limitations as yet, six years after the 


problem was officially noted 


First of two parts 


ilized tha 
flecting the « 
r of electricity 
estuary for cooling 
f heat to it 

he installation 


it from existit 


pur 
Calcula 
ol new 
re of he 
the rate of exchang 
estuary and the air 
lo find this rate of heat it 


know how much tl my ure has been raised by the 


is necessary t 


what would 


of the heated 


heati and msequentl know also 
have been D ure the 


Chis bast 


il factors ut it Ww 


ibsence 


discharges nperature depends on variou 


meteorolog is thought that in 


particular quarter of tl ear the 


any 


relation between air 


ind water temperatures well be much the same 


Irom one year t 


rdingly, an examination 


was made of the ween the air temperature 


ind the water ten 


TDeT 


lf 
t the « 1 wa 


uring periods when the 
slight 
but the 
hich they have been used 
ite that they are asa irate as can be expected 

f the falls hive 
neasurement of the temy of the water of the 


irtificial heating « The relations 
ound were by no means precis consistency of 


the results of calculations in w 


Examination into sections 


estuary over a 


+} 


period of ral vears; estimation of 


1e temperatures that existed during the 
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By A. L. H. GAMESON, H. HALL and W. S. 
PREDDY 


Water Pollution Research Laboratory, Stevanage 


me period if no heat h 1 discharged 


to the 
of the rate of loss of excess temperature 


examination 


i the rate of entry of heat estuary; calculation 


and prediction 
distribution for heat 


nts throughout the 


ol le temperature umt inputs ol 


estuary 


Temperature in Presence of Heated Discharges 


From 1949 to 1954 the 
the Thames Estuary 
Authority 


of chemical 


temperature of the 
the 
in the 
Pollution Re 
carned 


water ol 


was measured from Port of 
Shornmead 


Water 


Surveys 


London ; launch 


course 


surveys made by the 


search Laboratory Phese were out 


weekly (except when the launch was being overhauled 


were taken at i depth oro tt 
hiteen or 
Bridge 


and temperatures in mid 
streaim, at 
London 
1) mules 

The « 
mercury-in-glass thermometer in the water remaining in a 
after the 
method 


more points from some mules above 


to Southend i 


total distance of about 


irliest measurements were made by placing a 


Casella sampler 
bottle it 


tends to give 


i weighted brass container 

had his 
slightly particularly 
winter when the 
than the 


evaporation 


contained been removed 


erroneous results 


in the air 1s generally at a lower tem 
~ 


erature water and there is also cooling by 
| g 


from the wet sampler while the measur 


ment is being made 

In 1951, a method of measuring the temperature elec 
trically was developed (2), use being made of thermally 
sensitive 
metalli 
thermuistors 


resistors formed from a complex mixture of 
Stantel 


B00 (3 The general use of 


oxides; the resistors 


F2311 


chosen were 
type 
thermistors in measuring water temperatures has been 

i detail by Mortimer Moore (4 Al 


discussed in ind 
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estuary was ce 
ther 


though the apparatus to be used in the 
veloped in 1951 it did not supersede the mercury 
mometers until November 1952; thereafter it was periods 
cally calibrated in the laboratory 
thermometer. On 
a total of forty-eight 
measured, both with a 
the values obtained 


against an accurat« 


mercury-in-glass two occasions in 
that 
in the estuary 
ind with a 


thermustor 


when temperatures 


month 
were thermustor 
thermometer 


those 


mercury 


with the exceeded found with the 


thermometer by an average of 0.09 C with a st 


deviation of 0.14 € 


erniod of retention of the fresh water 
| 


rhe average 


passing through the estuary is of the order of a month 


and since the thermal capacity of the water is large at 


I 
consice re ] 


the rate of cooling is comparatively slow, it is 
best to make the 
period of a few months 


calculations using average figures for a 


three months wa 


\ period of 


found to be the most suitable 


An effluent entering the estuary is not only displ 


toward the sea by the fresh water flow, and dispersed 


ilso carried some way up and 


ction of the tide Phe 


tidal mixing, but is 


the estuary under the 


range of this tidal excursion in the part of the 


being considered is 8 or 9 mil ind it is evident 
distribution of te 
ential t 
tidal 
were a large number of temperature 
of the tide at one 


it that point could re 


obtaining the quarterly average 


ture along the estuary it is « reduce 


figures to some common basis of state 
taker 

tuary, the a\ 
iil be 


thirteen re 


point in the « 


perature found, but when 


there are only about idings taken at 


point during the quarter thi 
i different 
wert 


method is unsuitable 

The it} 
positior 
taken 


drawing a 


method was adopted 
plot ed against the 


were 


consequently 
dividual temperature 
that 
would have occupied at 
through the 


half-tide was 


which the 


half-tick then, by 


the bodies of water 


smooth curve plotted points, the distnbu 


tion of temperature at found lo obtain 


the average distribution during the quarter, the tem 


was read from each weekly curve at intervals 


ilong the 


perature 


of 5 miles estuary, the figures for each point 


values plotted against 


mentioned 


were averaged and the average 


the distance along the estuary It may be 
that this method has 


figures for salinity (5 


also beet ipplied successfully 


and oxygen 


oss fuary In the 


Deraiir ; 


Variation of len 4 


part of the estuary lying roughly in the S miles immedi 
Londot 
the water at the side of the estuary 
different from that of the water in the center Che power 


stations in this neighborhood discl 


ately upstream o Bridge the temperature of 


iten ippreciably 
large their condenser 
water near the side of the estuary an he heated water 
to the 


mixing with the 


flows close bank for a miles, gradually 


water in the Che difference 


greatest just point o 


ebb tide 


temperature 1s 

charge from a large power station 
it on the flood 

varies greatly with the state l and if the 


just above iture differen 


pm S1 


tions where the temperature is measured in mid-strean 


position lound 


are adjusted to the half-tick 
the temperature ce pends on the state 
measurements of these vanation 


made during 


Only a few 
perature across the estuary wert 
iS insulhqent 


data to 


and the available information 


an accurate adjustment of mid-stream 
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cross-section The mperature 


conditions over the 
bridges 


time, but 


the water at the centers of the arches of the 


this neighborhood was measured from time to 


there measurement of the amounts of water 
flowing through the different 
to estimate the temperature 
had 


ré quire S 


was no 
arches lo apply a cor 


rection it is necessary which 


bee n 


the water completely 


j 


would have obtained if 
and to find this accurately 


mixed a knowledge 
of all the temperatures and all the velocities 
through = the 
estimated 
the depth 


movement 


of flow in a 


cross-section The relative discharge 


measured, but were 
width of the 


ind from the 


lifferent arches were not 


ipproximately from the irches 
f the 
ft the 


the water 


water under them isible 
required average temperature ot 
then ! 


estimated 
midstream tem 


surface Phe 


over the cross-section was 
applied ti the 
peratures were adjusted to half-tide positions and the 
iverage correction at each position was 


calculated corrections For 


The corrections t be 
found; there 
were large iriations in the 
tunately the 


for the 


variation in temperature had been measured 


same tidal conditions as those when the tempera 


had been taken 
il condi 


used was 


ture readings in the center of the estuary 


id are therefore representative of the same tid 


tion The 
less than | deg. ¢ 


maximum correction which was 


Temperature in Absence of Heated Discharges 


It is to be expected that the averags temperature ol! 
related 


while at 


the water near the head of the estuary will be 
the prevailing air temperature 
temperature of the 


that of the sea 


fairly closely, to 


the seaward end the water will be de 


termined mainly by Owing to its large 


thermal capacity the sea changes temperature only 


slowly 
of the 


ind consequently the changes in the temperature 
it the 


changes in air 


water bottom end of the estuary tend to lag 


behind temperatures The differences 


between the mean temperature at the surface of the 


water near the mouth of the estuary and the mean air 


temperature at Greenwich during each month of 193 


ire shown in Fig 


af 


* WATER TEMPERAT 
VER AIR TEMPERATURE °C 


< 
> 


MONTH (1930) 


Fig. 1—Comparison between monthly average temperatures of the sea at 
two light vessels in the Thames Estuary mouth and of the air at Greenwich 


of the water at any 


heated discharges will not 


Che average temperature point 


in estuary receiving no 


general, be the same as that of the air in contact with it 


The water temperature will be lowered by evaporative 


cooling and raised as the result of insolation; there will 


ilso be exchanges of heat with idjacent bodies of water 


ind with the bed of the estuary 
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decided that the labor tn 


temperature ol 


work it wa 
equilibrium 


In the present 


volved in calculating the 


the water—-on the basis of the humidity, temperature 


intensity of sunshine, etc would be ex 


results obtained thereby 


wind velocity 
cessive, and that the 
of doubtful 
between the 


the relations that existed 
the 


iccuracy Instead 


air and water temperatures before 


ited 


data 


were derived 
that 
wr the temperature 


estuary was appreciably he 


earliest apparently reliabl could be found 


Some data were found f near Tedding 
ton Weir which forms the landward limit of the estuary 


Figures were also obtained for two points in the middle 


seaward of Teddington 
Weir), and off Crossne iles).t The 
distribution seaward of Cr ness was found from meas 
London County ¢ the 


il surveys 


reaches at Greenwich iles 


te miper iture 


urements made the ouncil in 


1 


course of their regular chet 


Temperature at leddingtor Che earliest data found 
Thames in the 


S55 to June 


ior the temperature of the vicinity of 


Feddington are for January IS5T (6 


hese data give the temperature of the water measured 
it Kingst 
tream of Teddingtor 
times to half 
The monthly 
been compared with the 


Thames (about a mile up 
recorded to 1 For 


daily at 9 a.m 
Sone 
i degree 
ave! these temperatures have 
rresponding averages of the 
recorded at Greenwich Ob 
Meteorological Office of 


ninary investigation showed 


daily mean air temperature 


servatory (obtained from the 
the Air Ministry \ 
that in all but one of th 


water exceeded that of tl ur 


nths the temperature of the 
and that the excess tem 
perature tended to iner with increasing temperature 


In the subsequent anal ilues for February 1857 


were omitted since tl we air was 
LGC 


perature of less than 


temperature 


which would lead to an expected water tem 


\ partial regression « was derived giving the 


predicted value, / temperature of the water 
and the 


d its value in the 


im terms of the air temperature / difference 


4 


between the value 
month The 


perature of the water ten 


previous 


term in included in case the tem 
lag behind that of the air 
value of the tem 


rhe equation for the pre water 


perature was then found 
O.OLLA 


The co 


negative lag 


where all thle temperature re in degrees ¢ 
efiicient of A in this 


effect but it is not statisticall 


equation suggests a 


significant 
was t/ 56 4 


The standard error of estimate compared 


with an error of 0.68 ¢ 
/ t 1.27 


C in the observed value 


the simpler equation 7), 


and with ndard deviation of over 5 


It may be noted that since the water and air tempera 


tures are so closely relates and subsequent regres 
irried out using the excess tempera 
perature, that 1s 


} 
bT, + ¢ 
the 


sion work has been « 
instead of the water 
of the 


obtained 


ture in equa 


form |! has been 
then rearranged to 


perature in the form 


tion 


ind give water tem 


+ Positions 


Bridge, which lie 
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would be 


irom the 


Using the regression equations to predict the water 
in February 1857 the value found for 7”, 
0.64 C which 


gives an error in prediction over three times the stand 


temperature 


) 


is 1.13 C while the observed value was 


ard error 
the equation does not apply when such low air tempera 


this is highly significant and indicates that 


tures are encountered 
From 1915 to 1921 the temperature of the Thames at 


reddington was measured, once every two weeks, by 
the London County Council; 
ments have been continued 
of the L.C.C. readings for Teddington during the period 


from 1915 to 1921 are compared with the values given 


since 1944 these measure 


If the quarterly averages 


by the equation for Kingston, it ts found that the stand 
ard error in prediction ts 0.68 C, and that the average 
error is +0.05 C; this shows that the observed and pre 
dicted levels of the water temperature do not differ sig 
Since there are only about six readings for each 


nificantly 
quarter it is impossible to predict the observed values 


with any great accuracy, as these values will not neces 
sarily be representative of the average temperature dur 
1944 to 1948S are 
errors remain un 


ing the quarter. If the readings for 

the 
figures for more recent years have not been used 
Kingston Power 


the observed 


included average and standard 
iltered 
owing to the discharge of heat from 
Station Now the standard deviation of 
excess of the temperature of the water over that of the 
0.69 C, so that the 


adding a 


air is found to be only regression 


equation has no advantage over constant 
amount tothe air temperature to obtain the water temper 
ature 
of the year are 0.7, 1.8, 1.3, and 1.4 C, respectively 
Lacking detailed the quarterly 


iverage temperature ”,, of the Thames at Teddington 


The average observed excess for the four quarters 


more information 
in the absence of artificial heating, will be assumed to be 


given by 
+ a 

where 7, is the corresponding average for the air tem 
perature at Greenwich, and a is equal to 0.7, 1.8, 1.4, or 
|.4 C for the first to fourth quarters of the year respec 
tively 

Temperature at Greenwich._-During most of the latter 
half of the nineteenth century the temperature of the 
estuary in the neighborhood of Greenwich was recorded 
daily (7 
taken 
with 


The earliest maximum 


thermometer 


readings were using a 


mercury in glass a steel index) and 
a minimum thermometer (colored alcohol in glass, with 
1 glass index The thermometers were placed in a per 
forated wooden trunk fixed to the the ‘Dread 
Hospital Ship in such a way that the thermom 
eters were about 2 ft the the water 
and | ft from the bottom of the trunk 
eters were read daily by the superintendent of the ship 
by one of the officers. The daily read 
ings began on May 14, 1844 after a preliminary experi 
ment had shown that there was no appreciable vertical 
temperature gradient in the estuary at this point 

The records give the daily readings of each thermom 


side of 
nought 
suriace ol 
The thermom 


below 


or, in his absence 


eter, and also the monthly averages except for 1844 
1845 From 1866 the index-error cor 
rections to the thermometers are recorded; it appears 
that the corrections have been applied. On April 13, 
1870, the readings were discontinued as ‘‘Dreadnought’’ 


and 1848 to 1855 
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Nine months later 
thermometers was attached to 
Blackwall 
and observations were made by the resident inspector o1 
In April minimum 
ind replacedthis is the first 
May S74, the 
Royalist 
the same place In both 
In October 1879, the police ship 


ceased to be used as a hospital ship 
the trunk containing the 


the police ship scorpion moored in Reach 


board IS72, the thermometer was 


broken 


change 


mention of a 


in thermometers In trunk was 


to the moored in 


moved from the ‘Scorpion 


February 1875 thermometers 
were replaced Roy 
alist 
and the 
inability to find 

In May 
was resumed under the 
the City of London \ Six 
surface of the water at the 


ttl 


was involved in a collision and placed on the bank 
series of readings then terminated owing to the 
station for the thermometers 


I h iitie 


direction of the 


i suitable 


ISS3, the recording of temperatures 


Corporation ol 
thermot eter was placed it 
one of the 


below the end of 


jetties of the Foreign ¢ Market Deptford (4 


miles below London Bridge went on for 


eight years and the last readi 
ISO! 


Phe 


most of the period from 1544 to 


Greenwich- Deptiord 


examined 
Kir 


three to five years have been taker 


onwards have been 


way as were the figures for 
30n equations obtaimed givin 

perature of the water over that of 
change 


air temperature /7,, and the 


from the previous month \fter reart 


ire obtained of the forn 


The vy 


error 


coerce 


ilues of the 


ol estimate 


rPABLI COEFFICII 

IN THE EQUATION 

rHE ESTIMATED TEMPI 

rHE AIR TEMPERATURI 

FROM THE PREVIOUS M 
ER 


water t« 


perature 


with 
LS6O7 
is Statistically gnificar 
mean 
ther lines ly 
1 db; and ot ire rather 


excess nperature 


close togeth 
the other groups, the discre} 


that the readings « 


conclude g 
the same population as the remaining data i here 
is no reason to suppose that the e) mperature 
hali 


than during the rest of the 1 id, and sin he 


was 


ictually i degree lower duri t vears fron 7 


to IS7O 
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ec 


Exc 


Tw'- To, 


q ic is 
Ta, AIR TEMPERATURE AT GREENWICH °C 


Fig. 2—Relation between the air temperature when this is steady and excess 

of water temperature over air temperature. Data from Table | with A put 

NOTE: Heavy black line is average of all dotted lines 
excopt 1867-1870 


equal to zero. 


1 


remainder of the lin gree well with those for Ku 


wr Crossness from 1885 


issumed that the 


from 1855 to 1S57, and f 
readings tor 
error The 


1879, and for 


see below it 1s 


Si) conta some 


systematic 


Greenwich in [S56-1S866 and 1Sj7 


QR2- 180 have been 


taken together, and the 


Phe 


is found to I 


ion equation calculated as before equation 


estimating the water temperature / 


regression 
substantially the sar 
since an equa 
iverages, 1t 1S 
Set or not the mean errors for corre 
zero Paking 


ulable f 
re errors for the 


quarters 
juarterly ir the peri 


SHO and . I iverag 


tS + | and 


Ss Now the population standard 


tv-eight 


quarters 


equal to V X(J ;, or 0.50 C and for 
rresponding quarters the 


ot twenty hgures 


ird error of estin temperaturt 
nely the 


must he 


iveragt 
considered 


} 


between / ind 


linear ther difference betweet 


ind the otl 


he most suitabl quation f predicts 


) 
1¢ 


temperature vicimity 


ind Depttor 
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' 


is 0.21, 0.89 r ().25 C for the first to fourth 


quarters respectively, /, is the mean air temperature at 


where a 


Greenwich, and is the average month-to-month change 
in J that 1s, one-third of the 
value of 7, in the last month of the quarter and the last 

onth of the preceding qu Phe 
eight quarters using the 
HI 


emperalure off Cr Phe 


difference between the 


standard error for 
this 


irter 


the seventy tour forms of 
equation 1s U 
regular recording of 
the teniperature ol the water of the Thames by the Lon 
; to have started in February 


aon 


County Council apy 
that dat 
Thames off Crossnes 


885. From series of readings for the 


} miles seaward of London 
he temperatures are taken 


Bridges almost compl 


twice daily (once ne high water and once near low 


water), in midstream deptl it Readings art 

not taken on holidays or in unsuit 

ble weather 
The monthly 


as above Dividing th lata for 


ivera been treated in the sam 


[SSD to ISO5 into 


hree groups showed no significant difference between 


values of the coefficient btained ind taking together 


1 


ill the 


the regressio!1 


monthly averag: r the period of eleven vear 


equation tour was 


Che standard error of « 
iverages the expected ert 
\ 


equatio! tine 


lo check the 


temperature oll 


quarterly averages of the 


Souther tutfall (Crossness) in 1912 to 


91S have been compar with the ilues given by the 


equation Phe found to be } 


\ ind the 


ivera¢g was 


standard er 
(Once 


again the av oe rré in the prediction by 


quarters have been errors {ot 


Cre 


91S, the average value r the 


| iking the 
Outfall in 1912 


hour 


ssness in ISS5 Southern 
quarter ire 


After 


standard 


6; 2 Af) Ss respectively 


errors, the 


idjusting the equa et these 


error oi prediction of two quarterly averages 1 


HC 


pred tit 


[The equation that w 1 for 


mperature, / 


miles below Lond: 


lige is therefore 


where a 1s (0.14, 0.58 t for the first to fourtl 


quarter respectively 


> ; 
CE ( 1 or 


interest to 


Comparison o lhree Station 
It 1s of 


r the 


regression equations 
Kingston 
Crossness rhe 
ible Il and Fig. 3 
Fig. 3la 


of steady air tempera 


three ind ndet ts of data for 


Greenwich results 


ind De pti r 


yarison are show n J 
is remarkabk 
nperature at these three 
Fig. 3(b) it 


not differ significantl) 


equal te 
was nearly the mé In 


n that while the 


may be 


those for 6. do— the fur 


ther seaward the ition | ore does the 


between the thre 
water ter 
perature lag behine perature 
seaward of Crossne perature measurements ol 
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Greenwich 
- - 956 -66,187).79 


oma@e Kingston 1656-59 ‘ane oe “ en 
oe Greenwich 856-66 '87) i 
ond Deptford 663-9! 


- © Crossness 1665-95 


Tord 
z 


~ 4 


nN 


EXCESS TEMPERATURE °C 


15 
AIR TEMPERATURE *C 
{a) 


COEFFICIENTS Iw THE EQUATION Tw'* ard 


mpared with data for Kingsto 
for three 
t n wh 


in the estuary 
the standard error « 


point 


where Shi 


mate 6 


Fig. 3—Relation between the temperature of the Thames and of the air at 
Greenwich 


the sea used to be made from the Edinburgh Light Vessel 
Lat 33 min North 
which is about 76 miles seaward of London Bridge 


Long. 01 deg 16 min East 
Phis 
point should be far enough out to be unaffected by the 


51 deg 


artificial heating of the Thames but not so far out that 
likely different 
reaches of the Phe 
to the temperature of the surface of the 


conditions are to be very from those in 


the lower estuary readings relate 
sea and were re 
and at 4 


the temperatures are generally given to 1 F 


corded twice daily —at or about sunrise p.m 


Unfortunately no observations of sea temperature 
have been made from Edinburgh Light Vessel since May 
1940) No attempt has been made to relate the available 
the 
Thames have 
been Shipwash Light Vessel (52 North, 01 
min East) and Galloper Light Vessel (51 deg 44 
rth, 01 deg both these 


miles seaward of the Edinburgh and quarterly 


to the air temperature at Greenwich Since 


war the nearest observing stations to the 


deg 02 min 


deg 42 


min N« 
nearly 50) 


SS min East vessels lie 


averages of sea temperature do not bear a simple relation 


rABLEII , DARD ERROKS) I} 


rHE EQ 


COEFFICIENTS(ANDSTA ’ 
ATION 7 i+ la + 1, WHERE 7°, ISTHI 
ESTIMATED TEMPERATURE OF THE WATER, 7, THI 
TEMPERATURE OF THE AIR AT GREENWICH, AND A 
FHE CHANGE IN 7, FROM THE PREVIOl MONTH 
rEMPERATURI IN DEG CENT 


or in the 


period to those of the Edinburgh 


to each other (see, for example pre-war 


It would appear that 


there are no suitable readings of sea temperature with 
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to compare the temperature of the estuary since 


19o40) 
the distribution of temperature seaward 


which 
the middle of 
Accordingly, 


of Crossness that would exist if no heat were discharged 


to the estuary has been assumed to be the same as existed 


during 1915 to 1921 his period was chosen becaus« 


the frequent surveys of the estuary made by the L.C.C 


that the 


estuary off Crossness began to rise ap 


and because it tem 


LO1L5 
perature of the 


started in appears 
preciably soon after 1921 

Each quarter of the year was examimed in turn Phe 
iverage temperature at eac h sampling station was calcu 
lated from the L.C.C 
tion m the estuary 
through each set of points and the temperature read off 


data and plotted against the posi 


Smooth curves were then drawn 


it intervals of 5 miles from 15 to 45 miles below London 


Bridge — the curves for the second quarters are shown in 
Fig. 4 rhe 
ness to each 5-mile point was then found for 


plotted 


from Cross 
all the corre 


average change in temperature 


sponding quarters and the results as in Fig. 6 
The penod covered was from the fourth quarter of 1915 
to the fourth quarter of 1921, inclusive, but excluding 
the first quarter of 1920 for which there was insufficient 
information 

fo obtain 


Ba i 


showing the 


lemperature Cur 

which 
that would be 
conditions of air 
heat to the 
adopted 


Production of 


a curve may conve 


mently be called the basic temperature 


temperature 


estuary under 


there 


found in the existing 


temperature, 1 were no discharge of 


following been 


estuary, the procedure has 
The predicted temperatures at Pedding 
and Crossness have been found by means of Equations 
plotted 


appropnats 


ton, Greenwich 


3) and (4), respectively, and igainst the 


irom 
drawn 


position in the estuary Phe curve 


Fig. 6 has then been added, and a smooth curve 
through the point for Teddington and between those for 
lwo examples of such curves 


Greenwich and Crossness 


ire shown by the broken curves of Fig. 5 where curves for 
may be 


1919 


the observed temperature are also shown It 
noted that the 
and 1953 does not represent any general mse in tempera 
but that the 


fourth quarter of 1953 happened to be warmer than the 


separation of the broken curves for 


ture during the intervening vears only 


fourth quarter of 1919 by, on the average, some 3'/, C 
Che separation of the broken and continuous curves for 
of heating 


difference 


the fourth quarter of 1953 shows the degree 


of the estuary during that quarter, while the 


between the two curves for 1919 suggests some heating 


but indicates also the order of accuracy obtained 1n cal 


culating the basic temperature from the air temperature 


the accuracy of the observed data for 1919 1s not known 
the temperatures were recorded for the purpose of calcu 


lating the solubility of oxygen in the water and were not 


intended to show accurately the distribution of tempera 


ture through the estuary 


Rate of Entry of Heat 


It 1s convement to consider the various sources of 


heating under five headings, namely stations 


industnal effluents 
and 


power 


sewage effluents, fresh water dis 


charges, biochemical activity Each of these will 


be examined briefly 
Detailed heat dis 


charged from power generating 


information ofl 
stations to the 
1954 and for four earlier years was supplied 


Power Stations 
estuary 


during 1951 
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MILES SEAWARD OF LONDON BRIDGE 


Fig. 4—Average temperatures in the Thames Estuary during the April-June 
quarters of 1916 to 1921 


by the Central Electneity Authonty The average 
quantity of heat lost to the river per kilowatt-hour gen 
erated is known for each station and so is the quantity of 
electricity produced lo these been added 
the heat from the London Transport Executive's generat 
at Lots Road and E and from 
plant of the 


Dagenham rhe 


figures have 


ast Greenwich 
Motor Company at 
discharge of heat 
1954 is esti 


of which 73 


ing Stations 
Ford 
rate ofl 


the generating 
average 
from all these power stations during 1951 
mated to have been 228 * 10° Btu per day, 
per cent came from the five largest stations 

where the 


the names ot 
amounts 
contnbuted by the individual stations a Phere 
summer than in the 


these stations are given im Fig. 7 
re shown 
less power generated during the 
winter and the relative quantities for the four quarters 
ar, expressed as percentages of the mean value 
and 111, respectively 

i fluent Phe 


works 


of the ve 
ire 114, 90, S5 


Industria chief sources of heat under 


this heading are gas paper mills and sugar re 


finenes The information has been obtained matnly 





T T 
Predicted temperotures 
for 3 stations 
~ = a a Predicted temperotures 
in absence of heating 


ee Observed temperatures 





"9 


TEMPERATURE 








—— 0 
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MILES FROM LONDON BRIDGE 


Fig. 5—Comporison between observed temperature of the Thames Estvary 
during the October-December quarters of 1919 and 1953 and the tempero- 
ture calculated for the same quorters in the absence of artificial heating 
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ig. 6—Average distribution of water temperatures seaward of Crossness 
during corresponding quarters of 1915 to 1921 


ind South-Eastern Gas Boards 
various firms concerned 


from the North-Thames 
the Port of London Authority 
and from measurements and estimates made by the staff 
of the Water Pollution Research Laboratory. Few of 
the figures are very reliable, flows of condenser water are 
often known only approximately 
crease in temperature of effluent over influent may be in 
For the largest sources 
to obtain information 


and figures for the in 


error by more than 2() per cent 
of heat, efforts have 
that is relatively more 


made 


than for the smaller dis 


be en 
iccurate 
charges 

Where condenser water is taken from the river and re 
turned to it after heating, the heat discharged is the 
product of the 
Where from wells, or from 
water taken to be 
product of the flow with the excess of the temperature of 


the effluent over that which would exist in the estuary 


with the increase in temperature 
the 


the 


flow 


process water 1s taken 


mains, the heat discharged 1s 


at the point of discharge, in the absence of all heated 
effluents 

rhe total heat discharged direct to the estuary from 
these industrial sources is estimated (from data relating 
mainly to 1952-1953) to be 19.4 K 10° Btu per day 

Sewage Effluent \t the Northern Outfall Sewage 
Works of the London County Council the temperature of 
the effluent from the ited-sludge plant has been 
recorded each weekday To obtain an indica 
tion of whether these temperatures are representative of 
f the final mixed effluent, two 


ictiy 
since 1949 
the average temperature 
recording thermometers wert 
the Water Pollution Research Laboratory; no significant 
difference was found between the average temperature 
of the final effluent and the L.C.C.’s figures which, ac 

have calculating the heat dis 
estuary faking the average of the 
uarterly flow of effluent with the 
corresponding excess temperatures, the average rate of 


» 1s found to be 14.0 * 10” 


installed for one week by 


cordingly been used in 
charged to the 


products of the meat 


entry of heat during 1949-195 
Btu per day 
ccurate calculations were made 


rks of the L.C.C., Mogden 


Similar and even less 
for the Southern Outfall W:« 


COMBUSTION / December 1960 


Purification Works, and the other sewage works dis 
charging their effluents to the estuary. The final esti 
mate for all the sewage effluents was 27 X 10° Btu per 
day —during the summer the rate is probably not more 
than 8 units, while in the winter it may be 40 units. It 
may be noted that perhaps a substantial proportion of 
this heat comes from industrial discharges to the sewers 
the figure given above for industrial discharges applies 
only to discharges direct to the estuary 

Fresh Water Discharges. The remaining sources of 
heated water are the Upper Thames (entering over Ted 
dington Weir) and the numerous tributaries which dis 
charge direct to the Thames estuary 

rhe heat entering at Teddington is the most uneertain 

If the flow is 4000 million gallonstt per day 

a flow that was approximately the average dur 
and there is an error of | 


quantity 
m.g.d 
ing the first quarter of 1951 
C in either the observed or the basic temperature, the 
resulting error in the rate of entry of heat will be 72 x 
Now it above that the 
Teddington showed no significant in 
crease 1857 to 1915-1921 and 1944-1948, so 
that it assume that the heat entering 
over Teddington Weir was not great up to 1948 Phe 
average rate of discharge of heat from Kingston Power 
Station during 1951-1954 was 10.3 & 10° Btu per day 
and, using the rate of loss of heat found later in this paper 
it is found that, on the average, in traveling the mule 
from the power station to the weir at Teddington roughly 
the heat No other appreciable 
heat in this have been brought to 
notice and it will be assumed that the heat 
from the Upper Thames is 10 & 10° Btu per day 
Of the tributaries only the Wandle and Lea appear to 
The tempera 


10° Btu per day was stated 


temperature at 
from IS55 
is reasonable to 


) 


~ per cent of is lost 


sources ol vicimity 


entering 


contribute appreciable quantities of heat 
tures have been found from measurements made roughly 
once a week for a period of about two years from 1951 to 
1953 by the Water Pollution Research Laboratory 


The average contribution from the tributaries is esti 


Tt Note Throughout the paper Imperial gallons are used; to convert to | 


> gallons add 25 per cent 


B. Th. U per day 


Deptford 
LittiedDroos 
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Fig. 7—Average rate of discharge of heat from Thames-side generating 
stations of the Central Electricity Authority during 1951-1954 
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mated to be a further 

Biechemical Act 
ter is an exothermic proce 
hydroget 


dioxi 


solely of carbon 


in oxidation to carbon 

calories for each gramm« 
For instance 
ethanol 


wid 15 


the average 
glucose 


to 


wucTOSst 
(ps 

le 

the 


roughly 


found be 


tandard ce 


Viation ol 


contaimng mitroy 


vel 


mean value 1 


reasonable to suppose 
water of the estuary, a 
tion of orgamic matter, will be 
for each gramme moleculk 

the 
the 
ind other 


Won 


urface, and for each 


estuary in solution (ft 


ources) and 1 


erting this figure to 


x 10” Btu per ton of oxys 


From a consideration 


tuary as a whole, it ts 


trv of oxv¢get! 1 


roughly 
which indicate 
x 1 


Summar 


Btu per « 
Phe 


summarized 11 ible 


Variou 


II] 
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per ¢ higure 
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iwCCUTiAE 

he 
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quently eT 


ind River 
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the past 
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ictivit' 
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vTee mes has changed dur 
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biochem 
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il 
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fourteen | umts consid 


ered ul 
the imere 
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where its effect will be 
ved both small 
itted 


heat released hould led it 


this | 


tT 
iu 


is about I! ie will take in middle and 
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the 


certain, it! t I I 


estuary 


methanol quantity of h vol 


bet ‘ 
wwetik the calculations 


nave 


from 
with a \iost rf 


their 


Nl been 


( (Hue nt 


compound Inet small and 


butfall 


ire u 


ncertain 


but waters mitain 


h et ters 
lecule which entet 


Dhame tl excess 


miper iture 1 
Clearly the 
rature re 
iture 
{ The 


periods 


were 


ive 


This article will conclude in January COMBUSTION with calculations on “‘Rate of Heat Exchange’’ 


xecuti 


W (ras 4 


ur General Elects 


I. M. Costello, « 


Carolina Electric 


chase of f 
plants 


Mr 


was 


4 ostello said th it the 
in imy 
in the GE package plant be 


ind Gas has recently inst 


ortant considerat 


lle 

natural gas transmission li 

irea 
The 


new General 


40 


Electri ras 


New Packaged Power Plant 


uth plant is a compa f-contained generating 


capable of operating on a system in conjunctiot 


other generating ¢ nt, or at i completely isolated 


Tle 
external si 


M load in 


without ar 
the line 


ly urce 


power: if iu 
mately 14 
the lled 


SO ft | 


Che overall dimensions of inste 


ipproximately 


it net station tats 


10.750 kw It is a complete and integrated power plant 
consisting of two b units pl 


us accessory equipment 
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He looks like a man with proper equipment and the experienced know-how 


to use it. There you have the same combination that commends Mitchell 
specialists to you for prefabricating piping at their plant and erecting 
in the field. On your next high-temperature, high-pressure job, ask us in. 


W. K. MITCHELL & CO., INC. 
WESTPORT JOINT Philadelphia 46, Pa. 


MITCHEL Pipinc 


PIPING FABRICATORS AND CONTRACTORS 
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The Bureau of Mines studies on the coal fired gas 


turbine employs a 1350 F gas under 80 psig pressure 
with a dust loading of 10 gr per 100 std cu ft. No 


commercially available precipitator is built for service 


over 1000 F so the Bureau has put together a labora- 


tory-scale unit which so far indicates a high efficiency 


of collection at temperatures of 1500 F and under 100 


psig pressure 


Precipitators in New Operating Range 


By C. C. SHALE, 


* A. S. MOORE’ 


Bureau of Mines 


U. S. Department of the Interior 


Bureau of Mines has begun studying 


HE FEDERAI 


electrical precipitation of dust at temperatures and 


pressures well above the conventional operating 


range. If operation at these conditions proves practi 
cable, 


utilization in subsequent process steps 


sensible heat in process gases can be conserved for 
Although the 
Bureau's primary interest is in removing solids entrained 
in the gases from partial or complete combustion of coal, 
conditions may have 


precipitators operating at these 


economic application for removal or recovery of fine 


solids entrained in the product or waste gases in varied 
other manutacturing processes 

Bureau research engineers at Morgantown, W. Va., are 
setting up a gas turbine designed to generate 3750 excess 
horsepower using combustion ‘gases directly from a coal 
ibout 1 


combustor Che working gas, carrying 


std cf, enters the blade path at about 


fired 
gr of dust per 10 
boo kf 


Coal Research, Inc 


and SO psig, and previous work by Bituminous 


shows blade erosion can be serious 


under these conditions (1 It is hoped that new blade 


design and careful choice of materials will reduce erosion 


to tolerable lumits; if this fails, dust must be removed 


from the working gas without cooling 
Conventional dust-removal apparatus will not adapt to 


the problem. Because of 1mmoderate temperature and 


pressure loss, filters are in prac tical: cyclone separators 
are not efficient enough, and pressure loss in centrifugal 


* Chief, Gas Purification Section 


t Supervisory Chemical Fagineer 
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separators 1S excessive Electrical precipitators are 
ideal, from the standpoint of fluid mechanics, but no de 

sign specifications ire available for the pressure-tempera 
ture combination imposed by the turbine gas 

Past that 

temperatures over 1000 F will be difficult (2 
impossible if resistivity of the 
the dust bind to the 
Technology of the art, 
relationships by which 
predicted reflect only the conditions under which they 


work indicates electrical precipitation at 
and may be 
that 


wall ; 


dust becomes so low 
will not precipitator 


highly 


periormance 1S 


however, 1s empiric 


precipitator 


ire derived and are extrapolated to higher temperatures 
and pressures with little assurance of reliability Con 
sequently, the study on operating practicability of 
precipitators was undertaken on laboratory-scale equip 
ment at temperatures and pressures to 1500 F and 100 
psig respectively 

Fig. | is a close-up of the dust feeder with components 
identified. One-hundred std cth air passing through the 
pickup line carries dust from the feeder orifice, through 
either precipitator, 


Feed rates from 2 to 


the sight glass and elutriator to 
scrubber, or calibrating sampler 
hr are reproducible at any pressure to 


feeder-orifice size 


Hi) grains per 
1) choice of 


ind degree of elutria 


psig, depending on 
pressure drop across feeder orifice, 
tion 


1@ air preheater and precipitato ire snown im pro 
rt preheat 1 pr tator are shown in pr 


bered entries in the List 
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rection 


Fig. £ e] nt in the 
St). steel 
lirectly 


precipitator tube which ha lange closures, an 


heat Zoi 
Phe 


connected te 


schedule prehe iter 


coil 1s about » the 
carrving line connects wit! 
Dust enters the precipitat 
radially Electrical 
ports, integral to the fl 


t hie 


between 
ntially and ke 
cathode 
the tube 


CTOSSOVCT 


tube tangs 


ind wire 


ithodke A 
Power for th nit re 


diam « iding a 3f 


froma 20) 


cuul tubs Resistance 


t he prehe iter, 


eT ind 


it pressure 

| tube 
1 in the downstreat nd of ft 
The tube end 1 


vertical diat 


concentrically 
section ol 


width that exten: 


+} 


eT au 


Phe probe con 
filter 
elox 
dust passing the precipita 
calculated fr ratio, filtered dust 
total dust 


Some 


nects through 


rous stainless-steel 
i vacuun trolled to equate arr 


probe 
1S probe 
ire 


preliminar removal efficienc' 


in Table | 
per cent less than 1() m 


laboratory-scale precipi r are gi 


| Dp e piven 


lin these tests was 


user 
determined by 1 

Both co 
ibove 


micro 


ilvsis 2 
il residue and h were 


900 F only fi h was used 


used in tests ft 
Dust concet 


Tk 
iracteristics 


nm { nir 


COMBUSTION / December 1960 


Fig. 2—Alll elements in the heat zone ore schedule 80, type 316 stainless 
steel 


Fig. 1—The major components of the dust feeder for the laboratory set up 
are labeled at left 


ABLE | PRECIPITATOR EFFICIENCY AT 


GAS 
VELOCITY OF 5 FEET PER SECOND 


Dust com 

Pressure in exit ga 

psig gr/ 100 sef 
20 if 


Removal 
efficiency 
wt-pet 
Os 


Temperature 


ooo ‘ ‘ 
600 th 0.5 oR 0 
G00) 7) 5 7 
YOO Mw) a) 
YOu) wt) un 
1200 a9 


1200 65 ao & 


tion in the feed gas is calculated by relating the weight of 


olids 


recovered in the precipitator, the total gas flow 
dust concentration the exit gas The 

from the weight of solids collected in 
sampler 


and 
the in latter is 
ilculated 


anh 1s 


as related to total gas sampled Re 
moval efficiency is calculated on the basis of gross weight 
of solids 

When te 


tator have 


kinetu 


removed at an actual air velocity of 5 Ips 
sts at 1500 F on the 


been comple ted, 


laboratory-scalk precipi 
a pilot-scale model will be 
constructed and operated to study further the effects of 
higher gas velocities and pressures this study 
inforn should be available enabling scalk to 
of precipitator that will remove 
working gas driving the gas turbine 


From 
itor up 
ommercial size dust 
from the Bureau 


engineers hope also to gain insight into the practicability 


ol specitying precipitators for service downstream from 


units such as coal-oxygen, svnthesis 


operating to 50 atm 
gas generators 
Re 


luture 


sults of these investigations will be described full 


sureau of Mines publications 


in Industri 
York 
be ine I ] ; 
Determination of 
Bureau of Mines 


pp 19 
» wb ; - 


Bulletin, Mier Metallic Cory 


ce, New 
Wainwright, H. W 
Solid and Liquid I: 
Report of Inve 


»! 


ile, ©. ¢ 


npurities 


ind Sand 


in > 


S45, 


nthesis 


tion March 


tig 








How to Get Maximum Protection for 
Your Feedwater Pumps 


Modern feedwater pumping systems with higher 


ump speeds, higher pressures and water velocities , 
_ ieee <—T By W. G. HEGENER} 


require more precise protection than conventional 
systems. The author offers an effective pump pro 


tection system af minimum cost and with good flexi EDWARD VALVES INC . 
’ ° 


bility in piping design 


he 


DEAT 
| water | 
disk cl 
l ; 
malfuncts 


ulnerable 


Fig. 1—Piping diagram——protection methods for boiler feed water pumps 


Have Five Requirements 


reverse flow 
To keey 
diameters have 
risen shar} 
irticular installatior 
ght closure aft 
w pressure dro 
ind turbines 1 th mt er nia: me : te field repairabk 
the average si 


sands of dollars for 
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Fig. 2—Cross section, angle stop-check valve 


Why Tilting Disk? 


tilting disk check valve 


at leg t flov loses regardless of the 


Flow tests have shown that the 
with seat 
unount of welding chip le or dirt in the line 
Tests that 


particles up to 


is a most show water 


important it 


flow of 20 fps will swe« 


diameter During test water velocities up 


fps and under grit condi least 100 times mort 


critical than any boiler feed pump system would meet 


the tilting disk check n or failed to close 


The tilting disk val ipidly due to its low 


inertia and spring-ass tion The valve 


easily, has a one-piece with pressure-seal bonnet 


ind hinge pin covers be installed vertically or 


1 


horizontally 


Fig. 3-——Three-quarter cutaway, tilting disk check valve 
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rhis 


Ope ns 


Fig. 4—Typical installation, feedwater protection system—from bottom of 
photo; pump dischage, tilting disk check valve, angle stop-check valve. 
(Photo made during piping installation.) 


Why Piston Check? 


When feedwater velocities are 10 to 12 fps and wher 
precautions are taken to keep feedwater clean, the piston 
check reaches full 
open 


valve gives good protection It 


position quickly, has excellent stability, closes 


tightly after thousands of operations and can be serviced 
in the field any other type of check 
valve 

W hers 


pumps are 


more easily than 


high 


greater diversity 


feedwater velocities are ind high speed 


used however ol protection 
is recommended for the feedwater pumps 


rhe simple solution to the problem of greater diversity 


in protection for the pumps is to use a tilting disk check 
The 


valves complement each other in service characteristics 


valve in combination with the piston check valve 


Possibility of system hang-up is minimized using these 
valves of different design characteristics 

In order to get the advantages of the piston check 
and be 


third valve at the pump discharge, the stop-check valve is 


valve ible to isolate the pump without adding a 


recommended 


Stop-check Valve Holds Cost Down 


\ solution that provides maximum protection with 
economy 1s the combination of a stop-check valve and a 
disk check valve This offer the following 


ulvantages 


tilting 


Lses both check valves for 


prot ction 


maximum 


type ; ol 
Does not increase the number of valves 


Provides a tight seating globe stop valve for 
isolating the pump 

j Allows greater flexibility in piping arrangements 
by use of horizontal or vertical tilting-disk check 


ind a globe or angle pattern stop-« heck valve 


The Interlock Scheme 


Phe stop-check valve can be motorized and an electric 


interlock system added. This interlock can be designed 
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to imitiate closing action on the stop-check valve when 
the boiler feed pump control switch is opened and si 
a time delay relay which will open 
after the 


scheme 1s 


multaneously start 
pump 
has timed out 


motor circuit breaker 


The objective of this 


the boiler feed 


relay 
to free the piston in the stop-check valve if there is any 
stick 


hetore the 


tendency to pump motor 1s stopped 


rhis control is with good power plant 
practice 

In view of present day pump protection requirements 
the stop-check valve in combination with a tilting disk 
valve has powerful advantages which reduce to a min 


imum the probability of failure and provides this extra 


compatible 


protection it minimum cost 


Engineering Education in Our Age’ 
By Theodore von Karman 


was credited as 


British Rankine 
saying, “A practical engineer is a man who perpetuates 
the Rankine 


unong the first believing the transmission of empirical 


The great engineer 


mistakes of his predecessors,’’ making 
data, was not enough 

You cannot say anything against empirical data, Mr 
von Karman went on to say For example, hydraulics 
which he once somewhat irreverently called ‘the science 


of \ with the 


theory of hydrodynamics 


imiable constants could not start real 
understand all 
And after all 
ind channels are tur 


bulent that 
before he dies he would like to understand the Quantum 
However, 1f he 


Even now we are not so far that we 


the phenomena of turbulent motion 


ind most motion in 


rivers pipes 


motions \ great German scientist said 


Theory and the laws of turbulence 


cannot accomplish this in his lifetime, he hopes that his 
Creator will explain the Quantum Theory, Period! 

rhus in many fields empirical data and empirical rules 
know exactly 


ind in 


ire very important However, we must 


for which cases we want empirical data which 


domains they can be employed 
This, Mr 


purpose | 


Some people say an engineer is a scientist 
The 
to educate 


von Karman felt 1s not quite correct 
engineering education 1s not only 


After all 


not 


scientists 


the engineer is a man who creates not only 


but also bridges, machines 
what the calls “hard 
(And his purpose is creating hardware. So do 


ind talent for 


ideas only theories 


urplanes xeronautical industry 
ware 
underestimate the engineer's faculty 
design. Unfortunately 
something you bring with you, but you can develop it 
ilone Che 


neering student, in addition to his ability to design some 


not 
talent for design is more or less 


eng! 


Today no one designs by intuition 


thing, must also understand the fundamentals of natural 
sciences. If he is producing hardware, if he is producing 


machines, and in doing so works with materials, then he 


must understand fundamentals of natural sciences 


But if he wants to become an executive, if he is interested 
in sales, interested in administrative problems, he should 
ilso understand fundamentals of the social sciences 

A'lack of fundamentals in natural sciences has som 


times been rather serious in civil engineering and als: 


The aeronautical engineer 
| 


1eronautical et 


mechanical engineering 
LUIS 
gineering and aeronautical science started 


parallel 


or the 


has been in a better position, be 
ilmost at the 
same time, and developed in 

In 1953 the fiftieth 
curred In aeronautical science 


ilso Mr Karman's t 


first flight o 
Prandtl 


Germany pre 


anniversary 
Professor whi 


was von 


be fore t te Amet 
Lafayette, Ind, 


* Presented 
Purdue Uni 
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And 


so, almost at the same time as flight became a practical 


sented the concept of the boundary layer in 1904 


reality, and within ten years started to become an indus 
ideas necessary to understand such things as 
stall 
problems in 


try. the 


frictional resistance separation, and so on 


fundamental aeronautical engineering 

were developed into a science 
Mr. von Karman recalled the 

called compressibility effect started to play a role in tne 


one of the large 


time at which the so 


urplane design. He was invited to 
airplane companies suffering terrible vibrations in the 
wing believed to be flutter \ look at the 
records and the design convinced von Karman this had 
flutter. The vibrations 
Later, Schlieren-photog 


which they 


nothing to do with ordinary 


were caused by shock waves 
raphy showed the shocks were there 
ics began to play an important role in aeronautics 
Fortunately, in the early days it was not necessary to 
learn much of chemistry, for most of the engine compa 
nies had chemists who knew about “‘anti-knock’’ and that 
was sufficient But after the piston engine was replaced 
by the jet, this method did not work any more, because 
flow phenomena was related to the chemical process of 
combustion The chemical reaction in burning kerosene 
is something definitely wanted and planned for. But if 
itmosphere, high temperature, 


So thermodynam 


a missile enters the dense 
dissociation and recombination occur, i.e., you have re 


icuions which you don't want Nature produces them 
and vou have to understand them 

As space flight and new methods of propulsion develop 
that enough. We 
need electromagnetism 
Cornell | 


branch of aerodynamics 


chemustry is not 
Among the 


niversity 1s one ol 


it turns out even 


many other insti 
the centers where 


call 


cultivated 


tutions 


this new what we mag 


netohydrodynamucs”’ 1s successfully 
The aeronautical engineer of today must be 


mechanics 


interested 


not only thermo 


m all neighboring sciences 
dynamics, but also chemistry and especially chemical 
kinetics and electromagnetic theory 

rhe 


mdustry 


created something of a 
Even the 


panic in 


word ‘space 


ind perhaps also in science Insti 


\eronautical name to 


tute of Sciences changed the 
\ero However, Mr. von Karman said 
he did not think aeronautical science is finished now that 


is only 


Space Sciences 


science has started The new science 
for the change simply means 
ind new ideas on high alti 


ieTO Space 
in extension of the old one 


n speed limits 


years we'll need airplanes Che probl 
{ 


or some 


urplane design have cropped up in missile design 


ind in the design of any 
nirac le il vehicle Ss lor Sspact could be produced or vehi le S 


other vehicles. It would be a 


for the upper atmosphere without similar problems 
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Shameful waste of capital dollars, poor reliability, 
inefficient operation, danger to life and property— 
these are some of the conditions we have observed 
in far too many industria! power plants. Usually By RALPH D. ABERCROMBIE* 
the fault lies in the failure to engage the services of 
consulting engineers. The authors point out that and T. EDWARD WALKAMA* 
engineering help for the small industrial plant is 
available, discuss how it saves dollars and provides 


better plant and they detail its costs 


Consulting Engineering for Small 
Industrial Plants 


HEN the owner or manager of a small industrial FLUE GAS DUCTWORK required to locate the boiler gas 
plant is planning new plant facilities -a new outlet 
boiler, for example his usual approach will be EXTERNAL PIPING required due to location of con 
to obtain proposals from number of boiler companies nections on boiler 
Generally the proposal will be based on the same boiler FAN HORSEPOWER REQUIREMENTS 
capacity and steam conditions. When he examines the Space —floor space and height required 
proposals, however, he will find them confusing to com MAXIMUM STEAMING RATI 
pare, even in this day of package boilers Phe arguments THERMAL INSULATION 
of the boiler salesmen will confuse him still further. He Costs Operating, maintenance, installation 
will probably notice sot differences between the pro ERECTION SUPERVISION 
posals but he will not know whether they are significant START-UP service time included in proposal 
or not Nor will he be aware of all the differences and ACCESSORIES quality and quantity of valves, water, 
omissions of significant details in the proposals. He column, instruments, soot blowers, et« 
will not realize that the st of installing the various 


boilers can be widely different For example, differences \ consulting engineer can help at this point by thor 


can exist in the followi ough evaluation of the proposals. He will be aware of 
ill the differences and he will include in his evaluation the 
Type OF BorLerR fire tub or 4 pass; water tube; operating cost and the cost of installing each bosler 
natural or forced circulation An evaluation made for a recent project is shown in the 
MetTuop OF Frrin tus draft, induced dratt, or wccompanying tabulation (Table I Although Boiler A 
pressurized firing 
I LEI Type ind yr fuel to be burned oil va 
coal 
JURNERS Number a type of burners 
For fuel oi]——rotar hanical atomizit 
steam atonuzing 
Ability to maintain steam pressure when 
burner 
For gas-—-ring burner ter fired gun 
intertube, fanr 
For coal——-stoker or lverized firing; type 
chain grate, trave g grate, dump grate 
underfeed, singk 
DUAL FUEL BURNING PMENT—oil and g 


coal and ras and had the highest delivered and erected price it had the 


lowest installed cost when all items of cost were con 


sidered In making this evaluation it was necessary to 
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the 
In this particular case 


prepare layouts lor each boiler lor purpose of deter 


mining all items of cost 


since 
the required boiler efficiency was ill manu 

sufficient 
necessary to compare the 


_ however, it 


specified and 


facturers met this specification by including 


economizer surtace it was not 


ope! iting costs ol the boiler: In most case 


is necessary also costs and boiler 


operating 
ilso 


detail 


to compare 
usually other 
f cc 
cessories, Quality of equipment and other 


pared 


periormances Consultants prepare 


comparison sheets wherein mstruction, a 


item ire 


Planning 


ver the 


ultant 
With a 


differences 


Even before this howe 


he Ip im the 


point 


ind speciiicatior 


planning 


good boiler specification many of the above 


For 


the plant manager does not know what boiler capacity h 


will be eliminated instance it often happens that 


consultants 


received it was 


require In two where 
( illed il 


that 


instance wert 


ifter boiler beet 


the 


proposal 


found boiler sizes as were different 


from what 


in engineering study ind l be desirable 
It one cast i 


the 


maller boiler was found to be adequate 
the 
boiler which would 
In both of 

rit ind kn 
om each case he 

the 


tily 


other case plant was happy in obtaining 


larger take care of future plant eX 


these cases the plant man did not 


owledge required to determine his 
the wonler sale sthal 
the 


time to mak vp 


relied nN 
boiler salesman doe time and 


not yu taking the of study 


the 


fuel cot 


required In “ cases the udv mad by) col 


sultant w inalyzing 
sumption mn \ ith mul ivision betwee 
process and sj h va ! o the determina 
tion « 


ay , 1d future Figure 


shows the results of 


the 


one sucl ud onsultant has 


knowledge and experien s like this 


should be 


period ( \ sign 


4 


ne ww 
ind t 


It 1 


preparing preli 


if ibly they 
during this prior 


minary cos cihcations 


nt consider following 


the boule T 


Frequently 
man considers some o 1 | then it late 
the desigt 
the extras 


n still help at this 


is too 
to properly incorporate desirable additions to 
Dhe 


involved 


owner may now be barrel is to 
he 
but he 


ments made 


consulting 
will be 


Stage, 


before he entered 


Construction Cost Estimates 


After the preliminary design work the consultant will 
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BOILER STEAM LOAD 
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TAKEN FROM ACTUAL PROJECT REPORT MPLETE 960 


. l- Monthly analysis of plant process and heating steam requirements 


usually prepare mstruction ct 


mav have considered 


St he mes he 


will have included all equipment and details necessa 
Many times 


pure hases a boiler and has the 


make when a 
lled by 
i contractor, details necessary to cot 
thought of 


last moment 


a complete provrect 


boiler inst their 
own forces or by 
the 


ind sometimes at 


only is the job 
the 
only adds to the cost but also delays initi il ope ratio! 


The 


are then submitted by 


plete iwob are 


progre Sses 


This proc ¢ dure not 


estimates 
the 


consultant's recommendation 


ifter being prep 
the chent 
in the forn 


formal re 


cost 


constructior 
consultant to 
with the 
1, where required, a 


informal report « more 


I 
rhis is the point where the plant owner can decide, ba 
on the should budget 


if there is a sey 


ites, how much money he 
It is alse 


fee for the report the consultant is in a position 1 
the chent of the amount 


estim 
the project 1 point wher 


‘f his fee for the remaind 


Competitive Bids 


In order to produce good, low cost projects it 


tial to obtain good ¢ 


g petitive bids Good con 
obtained only when the sj 
carefully n le 


STC’ ( 


recihcations al 


is 
compl 


ind when they are 


nts are dealing with nev 


struction or plant modernization and 


improve I 
the time an 


day 


iring specifications and dra 


in and day this is the type of work they car 


well By com} we mean the inclusion of all the sn 


details necessary to insure a satisfactory project 


consultant will also have considered in his desigt 


types of new equipment, controls and 


ible As 


new 


icCeSSOTICS 
1 part of his work he keeps himself informe: 
technical 


talking 


developments by attending meetings, 


reading technical a sales literature, and with 
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salesmen. On a recent small project totaling about 


by the use of specifications 
there was a 


previous in 


$25,000 it 1s estimated tl 
drawings as prepared 1 consultant 


ng of $5000 


ing 


tallatior 


ilmost is ompared to a 
which the plant personnel had handied directly 
ot due so much to a lower 


1,000 as in the lower cost 


this case the Saving were 
ts 


| which was about 


ier price 


istalling the ixiliary equipment neces 


npiete 
f complet iwings was shown on another 


f T icol 
Che value 
iect where drawings with 


Phe price re 


duc insistence, 


full details were t ] for bids 
erecting equipmet nd connecting piping in a 

Later after full detailed 
ob was rebid and a price ol 
contractor Im the 


the details and 


ed tor 
1 
il 


11 } 
ull 1 


er house 
wings were av 


O00 obtained salnie 


the contract guess at 


ie a contingency r his guesses 
When a plant has purchas 
consultant the usual me 
what it 


la boiler without the bens 


thod 1s to isk i contractor 
would cost to cor 
make it re for opera 


instal to be properly built the con 


sn7 iber oft 
boiler insta idly 
price mu the cost of anv engineering re 
quire In any case engineering cost is included 
whether covered by the contractor’s price or the con- 


sultant’s fee. The contractor, even 


the 


assuming he can do 


engineering, will is possible since he is 
to meet price ranted that it 1s possible 
ises for ubmit a lower price for 


i project ce 
this can be 

equipment in a 

ner which n st installation but will 
ilmost impossible 

’ 


ind 


rT SO 


poor is to 


lifficul \] | per 


operation ad i 


be 


ind 


ilves 


can | 1 é thermal insulation can 


cessories 
instruments 
shortcuts 


such as 
almost 


perating and maintenance 


Construction Management 


de i ribed 


is con 


in be 
plant 


gent 


has awarded 


ictS aS a gener il con 


ind check sho 
the 
be handled at 
number of contractors In 


do the 


rdination p 
other hand 


ost 


lors. On 


i lower « 


coordination 
does the coordination 
onstruction to insure 
in conformance with 
that col 


ther service 


Start-Up Supervision 


up and 


t S Start 


ind alth ig] ry important phase iti 


neglected \ ll many projects, par 


oltet 


ticularly small ones considered il 


he ing 


though they may rut perate in accordance with 
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the design capabilities and efficiency of the equipment 
installed. Recently in three year old 
30,000 Ib per hr deaerator it was found that the feed 
water temperature 200 F and that the boiler 
tubes were showing evidence of oxygen corrosion. When 
asked why the temperature was not around 220 F so as to 
obtain proper deaeration (which would have eliminated 
the pitting and extended the boiler life), the plant operator 
said it was operating just as the contractor had left it 
had properly adjusted the pressure 


a plant with a 


was only 


Apparet tly no one 
reducing vals 
Coordination of start-up activities 


controls 


e in the steam inlet lin 
is necessary to make 


that all equipment and are placed in 


Often if this work is not properly 
undue the 
Supervision of start-up and initial 


certain 
proper working order 


there placing 


coordinated are delays im 


project in operation 
operation 18 a 
offer but think it is a 
editor See COMBUSTION, 
ior a re 
Contractors and service men generally can place a project 
i fail to obtain opti 
onsultant to 
this initial 
that 


that consultants sometimes fail to 
that must be 
Nov 1960, 


service 


we service included, 


Vole page 71) 


port simular services on a utility contract.) 


on 


in adequate operation but they oftet 


mum performance unless there is a ride 
them It 
period that periormance be « 


pecified and guaran 


herd” on is also necessary during 
operating hecked to see 


equipment 
teed This 1s 


ice 


is ce signed 


that the 


periorms 


inother service consultant pro 


Why Don’t Industrial Plants Engage Consultants? 


these benefits that accrue from 


don't plant owners 


i consultant 


hen, with 
ind managers 
Sometimes we think it 
i large firm handling 
to 


onsultants more often 


to go te 


( ny ive « 


is because they don't want 


big utility power plants and they don't know where 
ill firm qualified for the 
ultants will have to do educational and 
promotional work More often however they feel the 
ind that they can 
relying on 
the 


de 


sm work Phis 1s an area 


find a 
where cot more 
fees can be eliminated, 


iob at 


lree 


consultant 
i lower cost by 
offered by 


1st as 


j good i 


obtain 


their own talents or the engineering 


or Yet a 


i consultant as seen from the earlier discussion 


equipment endor contractor project 


signed by 
i better project it a lower cost 
whether in the 


or 


should be ind will be 
ilways present 
ibsorbed in the equipment price 
“Free engineering’’ is worth only 


is furnished by 


The engineering costs are 


lee or 


consultant 
contractor cost 
what one is paying for it. 
the ent vendors is not detailed or complete 
cause ifford to take the required 
Usually they can authorative only on their 
equipment rather than a complete project Phe vendor's 
will not be the 
contractors and he will not provide the most economical 
[his is another rea 


Engine ering 
equip! be 


time 


they cannot 


be own 


design coordinated with work of other 
because he has to play safe 
i consultant's design will produce 
He takes the to make 


is far as end results are concerned and at 


design 


SOT why a better iob 
time a design 


ita lower cost 


which is better 


the same time he makes the project economical by careful 


design in sizing, selecting and placing of equipment and 


Consulting Engineers Fees 


consultants charge for their services? Costs 


How do 
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will vary depending upon the project and the consultant 
The usual method is to charge a percentage of the con 
struction contract cost, minimum fees ranging from about 
10% for projects under $10,000 to 6% for projects around 
$500,000 all depending on the nature and characteristics 
of the project. Small projects are best handled on a 
per diem basis with fees ranging from $75 to $100 or 
more. Small often handled on an 


projects are very 


informal basis with the consultant offering recommenda 
tions with perhaps brief specifications and sketches and 
the plant doing the actual work or contracting for it 
themselves. Another method of charging fees is by a 
lump sum fee which we think should be used more and 
which certainly makes for better relationships between 
client and consultant as it eliminates one possible source 
of friction 


A Salute To Boiler Safety and Progress 


\ recent mailing from the Uniform Boiler and Pressure 
Vessel Laws Society reminded us that the safety regula 
tions on boiler construction did not just happen They 
were the result of a long drawn out struggle that began 
to make itself felt with the formation of Boiler 
Code drafted by the ASME in 1914 

Soon afterwards, in 1916 to be the 
Boiler and Pressure Vessel Laws Society was formed prin 
cipally because the ASME Code had not been legally 
As of 1960 all the provinces of Can 
the 
the 
is well as many 


the first 


exact Uniform 


adopted anywhere 
thirty eight of 
Columbia 


Prince Edward Island 
the U.S.A., the 
Panama Canal Zone and 
individual municipalities had adopted one or 
the ASME Code 


\ll of the above was brought home forcibly by receipt 


ada except 
states of District of 
Puerto Rico 
more sec 


tions ol 


of the two photos below, the site of the first pulverized 


coal-fired stationary steam boiler We from the 


quote 


April 1920 issue of COMBUSTION a summation by John 
Anderson, then the Chief Engineer for the Milwaukee 
Electric Railway and Light Co 

Although frequently 
we have had no evidence 


Phe reason for our freedom from such unpleasant o« 


cautioned against explosions 
that such caution is necessary 
currences 1s due almost entirely to a proper care in 
preventing coal from being dried too much and pulverized 
to a Matters of a 
kind hands of the 
operating engineers and do not benefit by highbrow ap 


The 


what is necessary 


the 


fineness beyond 


sumlar to the foreg>ing are in 


s 


plication of theories engineer who is careful of 


his everyday equipment and keeps his plant free from 


accidents of every nature, from fly-wheel explosion to 


burned-out motors, can operate a pulverized fuel plant 


successfully without other assistance than his own ex 


pe rience 


The above plaque on the outside wall of the Oneida Station, photo on right, of the Milwaukee Electric Railway & Light Co. tells its own story 
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Eddystone, Philadelphia Electric Boilers 
Stay Indoors 


A basic conclusion that indoor and outdoor boiler 


plants are comparable in initial costs in the Philadelphia 
crea led the designers of Eddystone to stay with 
the indoor boiler. Here is the story of the insulation 


they employed and how it is applied 


DDYSTONI { or t cw Philadelphia Electri 
Compai 
the banks of t 


of the 


uthwest of Philadelphia on 
Pa., 


generating stations 


re River near Chester 
lectri 


most el I ( 


is one 
Each of the 
generator units 


statior \ upercritical pressure turbine 
rating of 325,000 kw 


Ib of 
kilowatt 


has a name plate 


They produce one kilowatt-hour from only 0.62 
, 


oal aS Opposed to the itional average 
93 Ib 
\s the design of 


ol ome 
hour per 0) 
many economnt 


progre ssed 


studies were made ittempt to reduce capital 


xpenditures. One such study concerned boiler design 


loor or Outdoor The main advantage of the in 


reasingly popular outdoor boiler is the elimination of a 
I house the boiler main 
iddition 


weatherproofing 


uge building to proper. Its 


lisadvantages are the il cost of extra insulation 


ind its plus thermal protection for 


static flow lines and temporary construction provisions 
thicker 


and 


Outdoor surface insulation is normally in 


because of lower average ambient 


temperatures 


forced convection cause yy wind and, of course, the 


insulated portions of door installation have to be 


weatherproofed, either heet metal or mast 

Or siderable cost 

Eddystone, Philadelphia 
oncluded that the 


or installations are comparable 


In selecting indo« oilers for 


Electric Comy initial 


sts of outdoor 


However, it was | erect a modern curtain wall 


ver existing ) lat teel 1 


ind house the 


iwccordance with archi 


tectural dem boiler would be less ex 


pensive in the long 1] ince maintenance would be 
building itself gives greater protection t 


than if they 
therproofed bec ause the 


reduced Che 


the boiler, its accessories and ductwork 


were erected outdoors and we 


indoor boiler does 1 complex weatherproof 


insulation finish merely insulated and 


finished with a combination insulating 
finishing cement 


tudy are further justified 
Soilers No 


The results of this « 


the fact that the Eddvystons ind 2 
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ire of the non-drainable type Any prolonged outage of 


this type of steam generator under Philadelphia winter 


conditions would cause high protective maintenance 


costs 


Design Temperatures 


Insulation thickness at Eddystone is based on an 


contrasts 
How 


inside 


average 110 F ambient This 
sharply to the SO F ambient figure often used 
ever, the engineers that 


in enclosed power plant are more likely to run in this 


temperature 


contend temperatures 
higher range 

Ihe thermal barrier is designed to achieve an 
rhus no 


outer 
surface temperature of 140 F or less in still air 
accessible surface is too hot to touch, and, with only a 20 
temperature differential existing between 
heat 


to 30) degree 
t he heated 


minimal 


surface and surrounding air loss is 


Insulation Materials 


Philadelphia Electric specification for insulation thick 


nesses on flat and cylindrical surfaces are shown in 


Table | 


variety of materials 


These specifications permit the use of a wice 


ATION THICKNESS SPECIFICATI« 


rABLE I--INSUI ) 
AND CYLINDRICAL SURFACES 


FOR INDOOR FLAT 


Finis! 
» in. thick coat 
white mineral 
wool insulating 
finishing cement 
reinforced with 
expanded metal 


lath 


Mono-Block, a block felted of spun mineral wool with 
in inorganic binder thermal 
insulation on the No. | boiler proper, associated ducts and 


It was also used on certain parts of 


was used as the basi 
accessory housings 
the No 

Coupling 
service temperature range, the material ts a very efficient 


2 boiler 


a low thermal conductivity with a wide 
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Fig. 1—Gas duct from ai: preheater, showing '/,-in. tie rods and expanded 
metal lath reinforcing, is ready for finishing with a single coat of a special 


cement 


hermal insulator In additior 


mec! 
light 
grapns 
tk vivant ive at Ik ldvstone 


On the 


1anical characteristics as high structural 


weight, resilience and kability 


illustrate how thes 
boiler proper, thi 
block was applied directly t 
attachment nuts previously 
in. centers. On the sid 
accessory housings, a steel f 
sh was tack-welded 
Fig. 2 This 
insulation ove 
flat finished 


ment and on 


xX f-1n Irie 
build 


rections al d vive 


stiffeners elim d the need ) 
ridges ol 
suriact ( surtace 
evlindrical 
was applied directly to the 

Fourteen pag iled teel 


either t he 


irre secures 


ittachment nuts or h, were puncl 


blocks on |2-1n The 


lhameter steel rods 


through the blocks were 


secured by tving the wires t 
running longitudinally over thx lock Fig rhe 

| | 
1 


rod on 12-in. center ul ie blocks 


Fig. 2——Duct work carrying hot air to burners operates at about 600 F; 
A 1'/>-in. base layer of block is applied over 6- x 6-in. mesh, 8-gage steel 
An addi- 
tional layer of 1'/.-in. block is then applied over the base layer. 


foundation, which was tack-welded over the existing flanges 
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called for, the 
ill joints stagge red and both 


Where the two layers of insulation are 
block was applied with 
lavers secured with tie wires to the external rods 

Voids and joints were pointed with white mineral wool 
Either lath or Il-i 
mesh was placed over the outer layer of the block insula 
tion to 


which was a * .«-in 


cement expanded metal wire 


reinforce the finishing cement, a large area of 


thick coat of a special white mineral 
wool insulating-finishing cement 

The combination of insulation cement permitted 
installation 


needed This 


i single coat of cement 
special cement serves is both an 
Keved into the 


smooth 


economies since only 


was 


insulating and finishing cement metal 


sh reinforcing and troweled the cement 


Fig. 5 
by 


ittractive glazed white finish 


dnied to 


nded metal and the finishing cement do 


Fig. 3—Hot air by-pass duct to the right, and gas duct in the foreground 
are ready for finishing with a single coat of cement. Note use of corner 
bead to moke a clean sharp corner in finished job. 

irregular cracking « 


ded 1 ] sheets » control th 


npreciably uld deve 


t th 
. th 


full depth of t 


ibout in. wide 


Che only outdoor insulated un it Eddystone are the 


electri precipitator und the vetween the precip1 
the stack Here mu 1 wool block is laid 
mesh in 1 over the duct and pr 
stiffeners leaving in air between the 
ind the heated surface which provides a slight 


space 
insulation 


idditional measure of insulation The finish on these 


troweling grade water emulsion mast 


Suriaces 1S i 


ver l-in. poultry mesh 
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Fig. 4—Super finishing cement is easily troweled over 1-in. wire mesh on 
this electrical precipitator. 


Turbine Insulation 


installation is 


turbine is cased 


\n interesting feature of the Eddystone 


} 


that neither the high or low pressure 
merely insulated in 
Unit No 
in combination with 


Unit No 


wool 


in metal lagging. Instead, they are 
accordance with the manufacturer's standard 
Mono- Block 


sulating cement 


1 


was insulated with 


plastic-type mineral wool in 
mineral 


was insulated only with plastic-type 


insulating cement 


There are two reasons for this. One is cost The 


housings cost about $40,000 per unit 


Che other reason is that maintenance is simpler without 


The Diesel as a Peaking Unit 


Fairbanks, Mo ‘ ubsidiary of the Fairbanl 
W hitne Cory 


power-generating set le of delivering a full load of 


it had developed lesel 


electric power within § t ifter starting from a dead 
ickout when main 
to have 
million 
Force it 
North 


Irom 


to safeguard citi 
go ce id The 


00) 


stop, power 


ngines, the first 


sources 


mace up a $1.2 


these capability 
supply stand-} power for the Air 
Phule radar base in 


Polk he last portion of tl er was 
Bel 


order to 
900 miles from the 
shipped 


ot recently 


1utomatically in Cas the 


The six engi 


prime extraordinary military 


source ol | lal 1¢ 


specif ations i ) I nks,. Morse to construct 
engines capable f gou full power within 30 se« 


but during test hort a time as & se 


The Electric 


very strangely 


of General Motors ts also 
Fred Walker, Manager 
ganization presented 
subject entitled “Why De 
before the 


. Oct 4! 


Utilities Operations, 
very pertinent paper o1 
centralized Peak Shaving uly 
eastern Electric Exchar n Washington, D. C 
1960 

Mr. Walker advanced basi 


capacity charges for computing devices 


ment South 


data, equivalent 


installed trans 


cost 


mission and distribution line charges, capitalization 


diate interest to his audience He 


was 


subjected to considerable questioning from the floor 
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Fig. 5—Smooth, glazed white finish of cement presents an attractive appear- 

ance on auxiliary boiler house breeching. A single coat of cement was 

easily troweled over the block insulation employed. No intermediate 
bonding surface was required. 


the housing When the 
bulky metal housing need be removed before the insula 
torn off 


turbine is repaired, no heavy 
tion covering the part to be exposed can be 
When they are 
damaged in handling that they must be repaired befor 


removed, these housings often get so 


they can be fitted back in place. Sometimes they must 
even be replaced entirely 
In the either of 


further condition was recognized 


the above, one 


none of the 


insulation of units 
materials 
specified have dusting characteristics which would be 


objectionable during major turbine maintenance periods 


A 1,000,000 Kw Generator? 


An engineer of the Westinghouse Electri 
predicted that turbine generators rated at 1,000,000 kw 


Corp. has 
iny now in use, will be producing power 
the The 
country rated at 


twice as large as 
in the United 
largest unit i 
175,000 kw 
Clarence ] | electric utility engineer, said 
Westinghouse ha that the rated 
units can be economically operated during a 
study of the called 


States within next 15 years 


opera nin the today 1s 
saldwin, ane 
determined higher 
two-vear 
problem using a method Power 
casting 

Powercasting involves the use of computers to simulate 
In effect, 
utility 
system, in 


i full scale 


detailed operations of a utility in the future 


by programming the future into a computer, 
specialists are able to build a model electric 
the computer, that will actually operate like 
system 

The 1,000,000-kw pattern proved economically supé 
500, 000-kw 


Its economic superiority was un 


rior to one restricted to units over the next 
20 years, he reported 
changed by variations in installed plant cost 

rhe study showed that patterns using units larger than 
1,500,000 kw it not for in 
creasing internal transmission costs with the 
The 1,500,000-kw units would not be excessively 
f However, the 


concentration of capacity in one location on some utils 


could be economical were 
very large 
units 
large as far as reserves are concerned 
ties increases transmission costs enough to overcome the 


economies of the 1,500,000-kw unit 
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KEY to functions performed by 
Bailey 7OO Systems 


A Analog A/D — Analog and Digital 
D Digital s — sense and measure 
d display (indicate, record and/or log) 
m monitor (scan and alarm) 

p produce stored information for future 
use (tape, cards) c—compute r—control 





‘3 Installed ie") On order 


LOCATION TYPE FUNCTIONS 
Chetan Co., Wash D 
Chetan Co., Wash. D 
San Francisco 
Salinas, California 
Los Angeles 


Glendale, Ariz 





Alameda, N. M 











Amarillo, Texas 
Smithers Lake, Tex 
Orange Co., Tex 
Bronte, Tex 
Sioux Falis, S. D 
Oklahoma City 
Harrah, Okla 
Muskogee, Okla 
Lafayette. La 
Jackson, Miss 
. Cleveland. Miss 
Memphis, Tenn 
. Paducah, Ky 
Sullivan, ind 
Graham, W. Va 
. Ashtabula, Ohio 
. Monroe, Mich 
. Rochester, N. Y 
. Ludiowville, N. Y 
Buchanan, N. Y 
Fairless Hills, Pa 
. Wilmington, Del 
Washington, D 
Hamilton Twp. N 


. N. S. Savannah 
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BAILEY 700 


ANALOG AND DIGITAL SYSTEMS IN ACTION 


Installed or under construction, Bailey 700 Analog 
and Digita! Systems are IN ACTION TODAY 
from coast to coast, providing integrated instru- 
mentation systems accurately tailored to specific 
needs. 


Note the variety of functions performed in these 
installations. Basic ingredients of all are electronic 
modules housed in standardized electrical cabinets, 
as shown here. This permits any combination 
of control, information or computing system ele- 
ments to be combined and expanded as required 


eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeenee 


QUICK FACTS BY TWX... 
For name and IMMEDIATE details on installation 
of greatest interest to you, fill in number of location 
from map and have your TWX operator send this 
message: 
WKLF 522 
PLS SEND 700 SYSTEM DETAILS FOR LOCATION 
PROCEED IMMEDIATELY WITH REPLY AT CONCLUSION 
OF THIS MESSAGE 


Name 
Company 


Crty 


g® © 
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to perform specific functions in individual in- 
stallations. Wiring and maintenance is simplified 
—operator’s console is freed of bulky equipment. 


Ask your local Bailey engineer to arrange a visit 
and demonstration of a Bailey 700 System located 
near you, or at Cleveland. Or gett IMMEDIATE 
details on the installation of greatest interest to 
you, by TWX—just jot down the number of the 
location you select on message form below and 
hand to your secretary. Reply will be transmitted 


at end of your message. 
G153-2 
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STAINLESS STEEL BOILERS, HEAT EXCHANGERS, ATOMIC INSTALLATIONS, CHEMICAL 
PROCESSING EQUIPMENT CLEANED SAFELY, EFFICIENTLY WITH PFIZER CITRIC ACID 


@ Industry experience proves that 
citric acid eliminates chloride stress 
corrosion problems — provides ef 
fective descaling — permits easier, 
more efficient after-rinsing. 
Discuss with your chemical 
cleaning service company these ad- 
vantages of Pfizer Citric Acid in 
Stainless steel cleaning solutions 


Citric acid is highly efficient 
| in removing imbedded metal 
and oxide films from stainless steel. 


2 Citric acid's excellent seques 
é tering ability prevents repre- 


cipitation of dissolved scale. 


3 Citric acid cleaning eliminates 
the problem of chloride stress 


corrosion. 


A Citric acid can be effectively 
inhibited without losing its 


cleaning or sequestering ability. 


5 Citric acid is sold as a dry, 
100% acid — meaning savings 


in storage and handling. 


6 Citric acid is water soluble, 
we easy to handle, and non-toxic. 


Let us send you further information, 
cost and obligation-free! 


! want to learn more about the use 
of Pfizer Citric Acid for cleaning 
stainless steel equipment. Please 
send me Technical Bulletin 102 


Name . panne 


Company 


City Zone State 





Science for the world’s well-being 





Manufacturing Chemists 
for Over a Century 


| 
| 
| 
| 
| 
| 
| Address 
L 
' 
L 
' 
| 
| 


CHAS. PFIZER & CO., INC., CHEMICAL SALES DIV., 630 FLUSHING AVE., BROOKLYN 6, N. Y 
Branch Offices: Clifton, N. J.; Chicago, Ill.; San Francisco, Calif.; Vernon, Calif.; Atlanta, Ga.; Dallas, Tex., Montreal, Canada 
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ASME Annual Meeting Highlights—I 


Incoming ASME President W. H. Byrne is congratulated by Philadelphia Electric's J. H. Hariow and Fuels Division Chairman W. T. Reid 


nues to be placed on research 
d better itellite 


power gen 
veloping light 


Dursting at tl ry €1 
ich will lead to bigger ar 

1 being I cle in cle 
with se 


on ind these 


000 regis which w 
Progre 
bsorbing surface 


r Ther 
excellent prograt ht reflectors, radiation-a 
elength characteristi ind so 
will ultimately be useful in earthbound a 


ippli itions 
ibsorbiu ng material 


Wa 


t 
of radiation 
for the 


sources heat receiving 
ittention im are ctricitv 18 avy 
summer 


ost and 
VW he re 


t of solar-energ 
them to compe te 


where 


articularlh 
ire abundant 


oderate r 
fossil fuel 


is essential 


p, the first co 


utilization 
with 


ean 
till too yre to en ible 
tional fuel-burning equipment 
iro 


n of drinking water the sea is one ap 
COT 


which holds promise of becon 


tillatio 
mpetiti e 
il-burning systems in those gions where sun 
1 petroleum is expensive 
1 nocturnal darkness 


clouds and 
with 


tM 


outetfr space where 
exist, and where impossible 


the sun's 


1 


refueling 
unfailing 

For the first time 
relatively 


cyt 

technology radiation be 
ttractive iS a power source 
long history of solar-energy 


governinent 


research 


funds are being assigned 


uunts ol 
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to projects which will lead to the building of small but 
reliable solar-power devices 

The solar cell, which 
lelephone Laboratories in 1954 as a 
thei 


the Bell 
by-product of 


silicon came out of 


research, was the twentieth century's 


break-through it 


transistor 
really important 
technology. Generation of minute but significant quan 
tities of electricity directly from photo 
voltaic cells was well known prior to War II, 
but the conversion efficiency of was SO 
small—less than 0.5 per cent— that the 
except for control and light-measuring purposes. The 
of 5 to 7 per 


first solar-energy 


sunshine by 
World 


these devices 


were little used 


first Bell silicon cells showed efficiencies 


cent, and steady development has brought about a 


twofold improvement in their performance. Licenses 


under the Bell patents have been granted to a number of 
manufacturers, and solar batteries are now being pro 


duced in large quantities in the United States and 


] pan 
Most remarkabk 
1, which used a battery 


of the American satellites was Tiros 


of 9100 silicon cells to convert 
television camera and 


sunlight into electricity for its 


transmitter This miniature moon sent back thousands 
ol tape recorded pictures ol the earth and its cloud 
Their detail that the Weather 


Bureau has requested appropriation 


coVve;r was SO) good 


a supplementary 
analyzed and com 


to enable these photographs to be 


pared with the meteorological conditions which pre 
vailed when they were being taken 
Che largest solar-electric generator which is now on 
order for a space application will use 50,000 cells mounted 
on 12 panels to produce 1140 These cells, pro 
duced by Hoffman Electronics Corp 


2 per cent 


watts 
will have a guar 
inteed efficiency of | 


At the 
from single 


silicon cells can only be made 


they are 


present time, 


crystals and therefore limited in 


size and very costly Intensive research ts going for 


ward in many laboratories to find ways of increasing the 
Che break 


be made 


size and reducing the cost of solar batteries 

through which will accomplish this remains to 
Mr. Yellott other de 

ipor this detailed 


nergy to gen 


treated a number of elopments 


such as cvcles direct conversion in 


fashion In summation the use of solar «¢ 


erate power on the earth's surface, while attractive in 


principle, faces almost insuperable econonuc obstacles 


at the 
ind 


present time rhe predictable dawn-to-dusk 


seasonal variations of solar radiation, and the un 


clouds leave 


predictable interruptions by only a few 


conventional fuel-burning 


W here 


water ofr 


applications where equip 


ment cannot do a more economical job powe! 


is required for pumping irrigation running 


generators, small mass-produced isoline engines are 


at such low prices that solar devices offer no 


still-to-be de eloped 


available 


competition. Only in the tropical 


areas, where sunlight is plentiful but fuel is expensive 


ywered pumps 
ul ible 


would solar 
il the \ 


and electricity nonexistent 


} 


and generators find wide us« were a\ 


Prog 
was pre 


The area of general interest in this field 
ress in Space Heating Energy 
sented by C. D. Engebretson, Whirlpool Corp 
MIT, together with N. G. Ashar, MI1 

The MIT Solar House I\ 


and built to extract part of its space heating 


next 
with Solar 


and 


was cle Signe d 
hot 


they reported 


und 
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water load from the sun Ihe house operated success 
fully during the winter of 1959-60. The total solar 
incidence on collecting area during the season was 122.4 
Btu, of which 32.4 million Btu was of too low 
intensity to justify collection. The 
collector operated with an average efficiency of 45 per 
the residue of 90 million Btu, extracting 40. 
Btu on the surface of 640 sq ft at 60 deg tilt 
economic operating conditions can be estimated 


millon 
solar 


attempted 
cent on 
million 
Phe 
by maximizing the ratio of useful solar-energy collection 
to the total power cost of collection and heat distribu 
For the present design 110 F was found to be the 
optimum storage-tank temperature during 
winter months. A 46 per cent sharing of the total heat 
load by the solar system was The 
heated tank supplied 34.4 million Btu of the total heat 
ing load of 74.5 million Btu he winter at the site of 
severe than that predicted 
Also the total 
solar incidence during the season was lower than normal 
Hence a better percentage of the total heating load car 
be expected to be solar-heated tank if 


tion 
economic 


realized. solar 


the experiment was more 


when the house was originally designed 


shared by the 
weather is more favorable 


A. Ralph Yappel, University of Arizona, describe 
Solar-Energy Steam Generator Parabolic-Cylinder 
In its most recently modified physi 
state the generator was composed of a mirror, focus 
type, drum the sun-tracking device 
Steam was formed within the focus tube itself 


Mirror Type 


feedwater ind 
Che mirror was of the parabolic-cylinder type, havi 

vertical north-south plane at 
horizontal 
above the 


its axis fixed par illel to a 
an angle of 32 deg 13 min with the The 
north 
end It was 
its axis for 1SO deg. The 
highly reflective, 
jected area dimensions of 7 
flexible 
was preformed to the parabolic shape 


it the sun before the 


end of the mirror was elevated south 


counterbalanced and free to rotate about 


mirror surlace was compost 1 of 


had 


sheets were 


thin, aluminum sheets and 


by 7 ft 


pro 
The St 

i plastic cradle which 
After aiming the 
start of each test 


very ind were fastened to 


mirror manually 
| 150 hp synchronous motor rotated the mirror 


at 15 deg per hr through a worm and worm wheel 


rhe sun's declination was not accounted fo 

Located ilong the 
was a water-filled, 3 in. O.D 
of this pipe 
Ihe sky side of the focus tube was protected by an 
pipe 
mirror side was exposed to the air The 
ind the 
water drum was connected to the 


end was 


svmmetrically mirror focal line 


, Steel tubs The surface 


focus tube) was coated with lampblack 


sulating hood, while 180 deg of the surface on the 
hood rotate 1 


focus tube was stationary \ 
south end of the focus 


connected to the cor 


with the murror 


tube while the north 
denser 
With the mirror 


upon the 


sun, the solar 
reflected 
then cor 


umed directly at the 


murror surlace were 


Solar 


incident 
toward the 
ducted through the focus-tube wall to the 
the tube 
bubbled to the 
passed on to the condenser 
Steam was bled from the north end 


Tavs 


focus tube energy was 
water within 
When water vaporization began, the steam 
and from there 


The condensate was piped 


north end of the tube 
to a weight tank 
of the water entered 


flow was manually controlled 


tube; it the south end. Feedwater 
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The overall efficienc 24 per cent, ts indicative of 


wind effects when comp | to a high of 30.6 per cent, 


which represents 1] for the shielded focus tube 


on the day ition was sufficient to reduce 
the overall efficiency by over Naturally, 
nereased and steam produced 
the 


tube was unshielded during windy weather 


\ breeze 
”) per cent 
time was 


was decreased considerably 


iporization 
when generator focus 
sutput were based on the as 
would 


Che 


Calculations for power 
that the stea 


over an 


n-generator 
1O-hr 


sumption operation 


extend day in Tucson 


iveTagte 


power equivalent which would be absorbed by the fluid 


is 8360 kwhr per year 


ind the cost per kwhr was es 
This 
innual depreciation and main 


" 


timated at 3.5 cents umount was established by 


estimating a combined 


tenance cost of $290 Che mass produced cost of the 


steam generator, including erection, was estimated at 


Phis analy 
the 
i sun-tracking mechanism were 
the es 


$S00, which was depreciated over 20 years 


sis includes performance effects and cost of steam 


generator unit only If 


included which would account for declination, 


average cost per kwhr would be reduced to 


Che reduction would result from the greater 


umount of available solar energy 


timated 

5.5 cents. 
The steam-generator 
output cost could be reduced by increasing mirror area 


For example the output st could be about 2.12 cents 


pet kwhr if the effective mirror surface were doubled 


For 
cents per kwhr 


cost would be about 1.36 


a quadrupled area, the 
\n analysis to determine the optimum 
count for aerodynamic sta 


size would necessari] ‘ 


bility. 


Chemical Cleaning 


g field of chemical cleaning not 


Phe rapidly 
only of boilers proper but of the entire 


growil 
prebouler ind 
boiler systems was thoroughly reported upon in a seven 
paper session 


| Charles M. Loucks, 


presented the 


Methods, In 
America on “New Chemical 
Cleaning Concepts and Possible Applications for the 
Let us remember, Mr that 
chemical cleaning as to plant equipment main 
relatively in The often 
paper by Speller, Chappell, and Russell which describes 
method of cleanir 
1927 rhe f 


engineer If the 


Materials and 


thinking 


Future.’ Loucks began 


ipplied 


tenance is infant quoted 


i ‘new i water system, was pub 


lished in parents, as you are well 


iware, has ch inged 


little 


ng profession, it 1s hecause we 


were practice 


since 1927 or if it has become less than an engineer 
have allowed it to become 
SO 

“But what of the In general, one may hope 
that 
tively engaged in this sp 


Some compa! 


huture 


more topnotch t people will become ac 
field of chemical en 
ies are assigning able engineers 


ind chemists to be specifically 


yineering 
concerned with the chem 


ical cleaning aspects nt maintenance. One hopes 
that the service contractors will bolster their technical 
facilities so there can be ne competition to see who 
can come up with the newest and best technical develop 
ments. The competition up to now has tended to see 


While that has 


not motivated technical ad 


who could haul a load of acid cheapest 


bee ll good price wise 1 nas 
vances.’ 
procedures with few ex 


The chemical are, 
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were 20 ago Mr 
Loucks expressed the question ‘Are you willing to agree 
that the best that chemical engineering technology can 
provide is the present cooling off and warming up and 
repeated emptying and 


ceptions, the same as they years 


worrying about corrosion, the 


refilling and inert gas blanketing, the concern about cop 
per leavings, hydrogen in the metal and after rusting?” 

Obviously the answer as the author quickly stated 1s 
no. Yet what may one hope for even if he doesn't 
know just how they will come about 

] toilers be cleaned with materials that will 
allow the fired Much of the cooling down 
and warming up and filling and emptying and blanketing 
with inert gas and post boiling can be eliminated 
and 


will 
boiler to be 


2, Superheaters, reheaters, steam lines many 


piping 
condensed or vapor phases which offer some very in 


systems and vessels will be cleaned with non 
teresting engineering properties 

3. Complete system cleaning with materials other 
than muriatic acid will allow operating the system facil 
ities without corrosion damage, will reduce downtime 
and keep efficiency up. Cooling systems will be cleaned 
without interrupting plant operations 

1. Chemical process and refinery equipment will ex 
perience attention is given to the 
technical aspects of fouling and its prevention. But once 
systems will be cleaned with organic sol 


solvents will be handled with system 


less fouling as more 


fouled, entire 
vent phases The 
facilities, organic and inorganic deposits will be removed 
Solvents will be reprocessed 


recovered, regenerated, 


reused or whatever is necessary for economica!l main 


tenance 


Chemical Cleaning of Preboiler Equipment was 
the subject presented by W. B. Willsey, Philadelphia 
Electric Co the 
an incomplete job 


Cleaning steam generator alone is 
rhe next logical step is to 
clean the preboiler cycle It is difficult to evaluate sy 

cifically the full effect of reducing the 
products entering the boiler during the early operating 


However, it can be shown that continuous addi 


doing 


smount of corrosion 


pe riod 
tion of these materials to the boiler can result in severe 
Also 
it is somewhat illogical to spend considerable time and 
from the 


complications and probably boiler-tube failure 


money cleaning these contaminants steam 


generator, only to have them replaced as soon as the 
heat cycle 1s put into service 

rhe other major aspect for preboiler cleaning is silica 
removal. This is the component that is generally given 
the most attention and generally thought of as creating 
the most significant water problem in the preliminary 
operation of a generator. Silica 


is generally present in much of the work dirt and gen 


high pressure steam 
eral contamination that normally finds its way into equip 
ment during fabrication and erection 

how far can or must one go in 
The water side of the heaters 


he question arises, 
this precleaning direction ? 
uping of course are generally 


and the interconnecting 


the easiest part to tackle; however, consideration must 
also be given to the steam sides of the heaters, bleeder 
lines, drainer lines, and the hotwell 

Physical complexities such as lines without 
nondrainable extremely small 


volume ratios, require special considerations 


valve Ss 


loops, and surface-to 


59 








time to plan fo 


The best 
preboiler cycle in the author 
than after the eq 


constructed If the decision to cleat 


mil 
opil 


stage, rather 


sign 


arrived at in time to incorporate iture 


modifications such as necessary connectiot 


| 


appropriately located in the systen planning 


is necessary for heating and flu 

chemically cleaned, a more 

will result 
Usually the 


the easiest job to tackle 


feedwater 


ing procedure with 
rhe steam side of the 
irrangement and nsidera preplanning t 
accomplish a suitable sible 
to waste or scavenge 
inary operation, thi 
the contaminatior 
materials that may 
Cleaning the 
much the same 
chief difference 
new Steam genet 
circulation while 
Che basic step 
Flushing with 
naterial 
; Alkaline « 


yenerator to ret 


soluble 


Concentt 


material 


inmg with 

oxide The type 
tion iture woul 
matenals of constructs 
) Rinsing to flush « 

f Neutralizatior 

cid | itr ww 1 
with the 


bine the rinse 


ind hydrazine in. the 
cipitation 

r Passivation, 
considered if the ysten 
i tew davs prior to op 

High-velocity flushi 
tion im planning the 
so that velocities are ¢ 
during full 


occur when 


countered 
flushing 


lor 


several 


offers 


downs, turns, 
prebouler eveles do 

where 
" 


ficient velocities and 


omplhshed 


in be act 


for draining 


circulation 


progre 
hus by circulating 
quires, the vste1 


ized, and treated 


il Cleaning of ¢ 
H. J. Vyhnalek, The Cle 


that contr 


Che following paper, ‘Chet 
irculation Boilers 
Electric [lu 
irculation boilers are physically 


natural-circulation counterparts 


inted out 
different fron 
rhey 


ntrolling orifiees; a 


conta 


hameter tubes with 


{ alloy 


the circulating 


s especially in the pump circuitry and 


hese pump 


1rS0T Sor? re I in th ( ining 


proce 5s 


circulation 


excellent me 


water technology 


igh-pressure unit cle 


The need rather 1S 


introduction, productio ind depositior 


products, mainly iron, copper, and nickel 


rhe relative positions of copper and iron (possil 


} 


kel im tre electrochem il series compli ite 


materials simultaneously b 


ol copper on the bare 


with the recent introdu 


iwents, which tl 


prevent 


plating, a single removal of all materials 
pears possible of cleaning has the ad 
t shortening removing 


it 


Chere 1s roe 


tluate two 


effective Copp er under very speci 


ditions, and corrosion rate 
ibited hyd hlows th of these 
could mal sins re cleaning wu! 


which determines the 
1 controlled-circulatio 
conditior orifice Deposition in t 
flow of water to 


subsequent o h ing and 


iy seniouslh 
failure 
lictate the need 


Causing 
lé reosits 


g these unt 1 satisfactory cle 

innot be accomplish ’ is deposition 

mpletely re 

Phe choices 

pnw}! t 
sition posits in 
deposit 
LuSsé iI 
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Abstracts from the Technical Press—Abroad and Domestic 


(Drawn from the Monthly Technical Bulletin, International Combustion, 
Ltd., London, W. C. 1) 


Fuels: Sources, Properties and 
Preparation 


Reactivity of Coke. 
nnstChemtie 1960, 41 


The Transport of Solids in Pipe Lines 
in Collieries. M. Coeuillet a 
Vf yey) 52 June 


Sampling of ‘‘Difficult’’ Coals: Trials 
of an Automatic Sampler i e2 
Normas r Inst. Fue " 33 


Heat: Cycles and Transmission 


Radiant Heat-Transfer Analysis of a 
Furnace or Other Combustion En- 
closure. |! feP 


, 


Heat Transfer to Water in Turbulent 
Flow in Internally Heated Annuli. 
Pt. 1. Stationary Flow; Pt. 2. 
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Rotem and I 


60-H1 


Pulsating Flow. Z 
Shai ISME Preprint No 
1/21 1960 (Aug tand 5 pp 
rhe results of experimental investi 
gations of local heat transfer and fri 
and pulsat- 


ing flow of water through a circular 


tion in turbulent stationar 


concentric annular duct are presented 


The Effect of Density Variation on 
Heat Transfer in the Critical Region. 
Y.-Y. Hsu and J. M. Smith ISME 
Preprint No. 60-HT-S 1960 (Aug 6 
pp 

\ method has been de veloped for 
predicting the influence of density 
Variations on transfer of momentum 
and heat in the critical region rhe 
results show that in heating the veloc 
ity and profiles are 
flattened and the heat transfer coefh 


temperature 


cient at a given Reynolds number 1 


increased Investigations of the effect 


of natural convection showed that 


only 
“COMPACT”... 


BURNER CONTROLLERS 
feature 
Indicating faceplate 
Plug-in connector 
10 AMP. contacts 
Both standard and custom timing 
periods 


Adaptable to any flame-safeguard 
relay and interlock system 


Suitable for use with any type burner 





FOR COMPLETE INFORMATION WRITE 


COMPACT CONTROLS CO. inc 








18 ROOSEVELT AVE.. SYOSSET, NEW YORK 





“SILICA: 0.003 ppm, 
OTHER SOLIDS 
UNMEASURABLE...” 


With some doubt as to the outcome, the de-ioniza- 
tion units pictured above were installed outdoors 
at a Texas power and light company, to replace 
evaporation equipment as a means of purifying feed 
water for a high-pressure boiler. After three years, 
results far exceeded guarantee and expectations 
From raw water containing 27 ppm of silica and 
dissolved solids totaling 465 ppm, the quality of 
the effluent is reported as: “Silica, zero to 0.005 
ppm, average 0.003 ppm. Other solids are un- 
measurable."—This is a good example of what 
modern ILLCO-WAY ionXchange can accomplish 


BOILER FEED WATER 
FOR POWER PLANT 


The particular plant shown above consists of « 
cation exchanger, an aerator, and a mixed-bed de 
ionizer. The large tanks in the background hold a 
supply of regenerants. Operation is manual through 
out, a preference of the purchaser. Rewm/ts have 


proved even more economical than expected. 
ionXchange 
ILLINOIS WATER TREATMENT CO. 


NEW YORK OFFICE: 141 E. 44th St, New York 17, NY. 
CANADIAN DIST.: Pumps & Softeners, Lid, London, Ont 
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25 Advanced 
Design 
Features 











Only Richardson builds all 25 advanced-design 
features into one automatic coal seale. Result 
The last word in accessibility. simplicity, and 


. long-term trouble-free 
and maintenance. For the 
the Richardson H-39¢ 

Richardson Scale Company, Clifton, N.J. 


e ales and Service Branches in Principa tes 
Also manutactured in Europe to U standards 
Richardson Scales conform to U S Weights and 
Measures 4.44 for your protection 


MATERIALS HANDLING BY WEIGHT SINCE 1902 


accuracy. operation 


low whole story on 





new write or phone 
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also flattens the velocity profile 
heat-transfer co 


this 
and 
efficient 


increases the 


Steam Generation and Power 
Production 


Determination of the Viscosity of 


Steam at Supercritical Pressures. 
I Ljelland-Fosterud J Me 
Engng. Sci. 1959, 1 (June), 30-8 

he viscosity of steam has been 


measured at pressures of 200 to 1000 
atti and temperatures of 370 to 540 ( 


Ihe 


the results are 


ipparatus used is described and 


tabulated 


An Equation of State for Liquid Water 
Valid up to 300 C and 1200 ati. Rk 


Plank. B.W_.K. 1960, 12 (July), 302 
+ (in German) 
The new semi-empirical equation 


has been deduced from the tables for 
the specific volume of water published 


by the Moskow Institute of Energy 
Energy Diagrams for Water and 
Steam. Z. Rant B.W.K. 1960, 12 
July), 297-301 (in German) 


Exergy diagrams show much better 
than energy diagrams where the losse 
in the steam power process occur and 
where the greatest scope for improve 


rhe new diagrat 


ments still exists 

in combinations with the earlier one 
for air and flue gases are used to show 
the energy and exergy flow in tw 
examples, one a steam generator and 


the other a power station 


Photo-Elastic Exploration of the 
Stresses in a Design for a Full-Bore 
Closure for a Reactor Pressure Vessel. 


4 Snell and H. 1] Jessop JI. Me 
Engng. Sct. 1959, 1 (Sept 144-: 
The Turbo-Furnace. |. D. Williams 
' Inst. Fuel 1960, 33 (July S285 
Chis boiler was first developed for 


lag-tap firing of low-grade coal and 1 


characterized by the opposed, dowr 
wardly inclined burners in the t 
ind rear wall Despite the absence 

soot blowers the furnace has remained 
cleat One of the largest built ts 
rated at 1550 klib/h at 1925 psi and 
005 F with a water-cooled furnace 
floor lined with castable refractory 


1 for 


Other boilers have been designed 


and one rated at SOU) 


is and oil firing t 
1005 |} 


and 1005 
installed at Bank 


tation 


tra psi 
to be 


power 


Steam. Anot 
1960, 55 (Ju 


Towards Cheaper 
Pwr. & Works Engng 
N.C.B Central Engineer 
iT Establishment at Bretby a boiler 


erected to find the best 


way of burning low-grade coal with 
ut smoke emission in shell-type 
I ers rhe fuel used is very d 
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: in. unwashed slack 
tioned with water on a 
ind delivered to bunk 


lined bottom th 


1¢ 
stoker hoppers are 
prevent hold-uy 
talled in the furt 
ridge to prevent 
he induced draug 
ype scroll rtex 


‘ 


econdary centrifugal llector oO 

minimize grit em wT 

The Packaged Boiler and an Applica- m 
tion. DD. F. Brice Br , nen s 

ano. 1 Au ) j 


\ review of packaged, oil-fire f 
boi ‘alr ~ - | , a OXYGEN 
wnlers, their rating nd apy ition 
What it Takes in Piping for a Super- 
critical Unit. ( 4. Dauber u 
a We july GUARANTEED 


Brief informatior 
terials and size d for rious pip 
lines and valve t Avon N init ¢ 
the Cleveland ctr lluminating by 
Company p r 1 monott 


nesclanilaninn “this new 
Solid Fuel Firing Permutit® 


A.S.A. Standards for Pulverized Fuel 
Systems. Ano Wi Tray 
32 (July "i—3e 
\ com] print f t itest 
i gomplete reprint of the latest | ia 
Z , ' ‘ 
peration 
t contatt 
Introduct 
ment sy Tr 
wets = hen ; ; nt The picture above illustrates the new Guaranteed Water 


pulverized 
Permutit Tra Deaerator vhich is These and the other design aspects 


nreventinn at 
“' rs guaranteed to reduce oxygen to .005 of the Permutit Tray Deaerator enabl 
Combustion Research and Fuel ml/l, or |e ind to remove all the ys to give you a guarantee that you'll 
Policy; A New Look in Combustion free CO always get feedwater with (a) less 
Research. MM. W rhrings nst This sectioned illustration shows the than .005 ml of oxvgen per liter of 
vel 1960, 33 (Aug tM ’ stainless steel travs and inner chamber water, and (b) no titratable free CO 
\ brief outline 1 e1 e i Steam passes upward through them And just off the presses is our Bul 
which research into the ior while the water spills down from tier letin 4732, containing information on 
val ul and . to tier, constantly being exposed to the construction details operation and 
fruitful the steam until, fully deaerated, it other advantayves of the Permutit Tra 
reaches the reservoir at the bottom Deaerator. Send for a copy 
Flow Patterns in Three-Dimensional The 


; . highest temperatu mocoming Yeo Vision CO). 
Shapes. A Background for Furnace i —— “5 a Permutit Divisi Dept I 


Design. N. P. Bacon + dhakaal steam contacts this final deaerated 50 West 44th Street, New York 36 
nd I. M. Hallid , water. It i Iso the purest, oxygen N. Y. In Canada, The Permutit Com 
. ‘ : i {i / 

} 1960. 195 (Tul free steam, and as it sweeps upw urd it pany of Canada, Ltd 207 Queen 
takes to the vent ll the freed corro Quay West. Toronto 1. Ontario 


Sive gases 





The highly effic wernt nternal vent 

condenser sav s by reducing *FLUIDICS is the Pfaudler Permutit 

program that integrates knowle ye 

; equipment and experience in sols 
which is just i tr iurry off all ing problems involving fluids. 


the rmorn-c* ndet il) 


A PFAUDLER PERMUTIT inc. 


pe alists in FLUIDICS. . the science of fluid processes 


vented stean ) me glivible visp 
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Write for bulletin #FD-11 


FLY ASH ARRESTOR 
CORPORATION 
205 North Ist Street / Birmingham, Alabama 
1355 Market Street 420 Lexington Avenue 
San Francisco 3, Calif New York 17, N.Y 
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Self Supporting Stacks © Duct Work 
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FURNACE 
BLOK’ 
“IN” 


AT LARGE EASTERN UTILITY 
OIL-FIRED BOILERS 


Nine months ago, a large eastern utility replaced fire- 
brick with FURNACE BLOK in the burner and target 
walls of oil-fired boilers. As a result of drastically 
lower erection costs and excellent service life, utility 
will now standardize on FURNACE BLOK in these walls. 


Target wall, 20 ft. high x 26 ft. 
wide, of oil-fired boiler. FURNACE 
BLOK washcocied with Super 
#3000 Refractory Mortar. After 
nine months’ service, washcoat 
brushmorks still visible. 


Burner wall, 8 ft. high x 26 ft. 
wide, of oil-fired boiler show- 
ing perfect condition after nine 
months’ service. 


FURNACE BLOK is a specially 
shaped, patented, hollow refrac- 
tory unit. When BLOK units ore 
placed and filled, they produce 
@ true monolithic structure. NO 


FORMS REQUIRED. 
FURNACE BLOK INFORMATION KIT 


Contains Technical information, in- 
stallation photos, cost comparisons 
and prices. Write today. 


*U.5. Patent No. 183597 


REFRACTORY & INSULATION CORP. 


124 WALL STREET « NEW YORK 6,N.Y. 


Soles Offices: Chicago, Ii!.; Clevelond, Ohio; Bryn Mowr, Po.; 
Nework, N. J.; Buffalo, N. Y. 


Costeble ond Bending Refractories; FURNACE BLOK; 


Monufoact f 
viocturers o pom mng Block, Plostic ond Fill insulotions 
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Test vessel fabricated for Westinghouse Electric Corporation. 


atomic age welding specialists 


Dravo's Marietta shops are well stocked with that indis- 
The kind of know- 


how that can adapt the techniques of today to the jobs 


pensable ingredient know-how. 


of tomorrow. There is a vast difference in even the 


largest and most complicated steam plant power piping, 
and a vessel like the one shown above. But at Marietta 
—its routine. 

This particular job is a test vessel, designed to 
simulate actual operating conditions in the labora- 
tory. It involved some interesting problems — auto- 


matic submerged arc welding of the heavy flanges to 
45 


the main body — stainless steel, 25g” thick. Nozzles 


were hand welded — with precise positioning a must. 
The whole vessel is 30 feet long — individual pieces 
weighed in at seven tons. Tested at 3600 psi, it came 
up smiling the first time. This is only one of the 
nuclear jobs for which Dravo has fabricated piping 
and special structures. 

This kind of know-how can be a valuable asset for 
your next piping job. Dravo will do the difficult — the 
“high-brow” piping, or produce the entire job — high 
pressure, field erection, including control panel piping 
— efficiently and on time. For information, write or 
phone Dravo CorPORATION, PITTSBURGH 22, PA. 


DRAVO 


Cc O 


x Ff? @OBeaA PO 


Oo N 
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THE YARWAY FAMILY OF FINE STEAM TRAPS 


THIS IS THE TRAP 
FOR HIGH PRESSURE 


POWER PLANT JOBS 


Pressures high? Temperatures really hot? Then the 
Yarway Integral Strainer Trap is the steam trap 
for the job 

Yarway Integral Strainer Impulse Steam Traps 
drain some of the hottest steam lines in the country, 
with temperatures to 1050°F and pressures as high 
as 2500 psi 

These traps have ample capacity when system is 
being warmed up, yet handle relatively small 
amounts of condensate without losing prime. In 
the presence of dry and superheated steam, the 
trap valve remains in closed position. 

Utilities and other high pressure plants also bene 
fit from further advantages like small size, light 
maintenance. Avail 


weight, steel construction, ¢ 

able in six sizes, flanged or welding ends 
Over 1,250,000 Yarways already sold. For full 

information, call your local Yarway Representative 

or write 


YARNALL-WARING COMPANY 
100 Mermaid Ave., Philadelphia 18, Pa. 


SERIES 60—normal needs, pressures to 
400 psi, 6 sizes. SERIES 120—norma! 
needs, pressures to 600 psi, 6 sizes 
SERIES 40—for extra heavy loods, 5 
sizes. NO. 30—for extra light loads 
(% only). INTEGRAL STRAINER 


highest pressures ond morine use, 6 sizes, 





D. I. S. STRIPS 
10-INCH SCALE FROM 
12-INCH PIPELINE 

IN JUST ONE DAY! 


From these three methods, D. 1. S. selects the one 


best suited to your specific pipe-cleaning problem 


SCALE SOLVENTS . 


eo ee rs oS 
Aree SS EP eee ee 


a 


solvents are used to dissolve scale 


Jets 


For certain deposits in large-diameter pipelines 
a pipeline pig cleaning 


WATER 


supplements solvent 


High-pressure jet mbles remove depos- 


its where other methods can't be used 


Dense scale deposits of o% 
fides and sulphur—10 inches tl 
in some laces clogged i 

ly line. Dow 

f ngines rs stri 

from 


restorins 


t 
! 
Suny 
ip} 


ot deposits 
p peline 
in gust 24 hour 
Solvents and a pipeline pig did the 
job. But for different conditions, 
D. I. S. uses other techniques to 
get the same result. For example, 
when scale blocked a 24-inch, 
quarter-mile-long waste line, 
I. S. engineers knocked out the 
deposits with a special D. I. S.-de- 
signed jet mole. Though this 
underground pipeline was buried 
10 feet deep, D. I. S. cleaned it 
completely in only 16 hours! 
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In addition, D. I. S 
plete consulting laboratory service 
for water treatment and waste 
processing problems, backed by the 
technical resources of The Dow 
Chemical Company. For cleaning 
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in the U. S., write on 
INDUSTRIAL SERVICE, 20575 
Center Ridge Road, Cleveland 16, 
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